Vol.LXXXVIIL  No.  2. 


March-April,  1951 


GEOLOGICAL 

MAGAZINE 

Edited  by 

O.  M.  B.  BULMAN  and  S.  R.  NOCKOLDS 

assisted  by 

PRoristoR  W.  S.  Boulton  Professor  O.  T.  Jones 
Professor  W.  G.  Fearnsidbs  W.  J.  Puoh 
Professor  Leonard  Hawses  PRorssK>R  C.  E.  Tilley 
Henry  Woods 

CONTENTS 

PAGE 


Holmes,  A.  Evidraoe  of  Lava  Formation  in  situ,  South-West  Uganda  73 
Sylvester-Bradley,  P.  C  The  Subspecies  in  Palaeontology  .  88 

Gindy,  Amin.  The  Production  of  An^ibolic  and  other  Skam  Rocks 

from  Limestone  at  Cor,  Co.  Donegal . 103 

Cotton,  C.  A.  Atlantic  Gulfs,  Estuaries,  and  Qiffs  .  .113 

Ghosh,  A.  K.,  Sen,  J.,  and  Bose,  A.  Evidence  Bearing  on  the  Age  of 
the  Saline  Series  in  the  Salt  Range  of  the  Puigab.  129 

Anmrson,  j.  G.  C.  Geology  of  the  Glen  Tromie  Hydro-electric 

Tunnels,  Inverness-shire . 133 

Hartley,  J.,  and  Leedal,  G.  P.  A  Mondiiquite  Vent,  Stob 

a*  Ghiianain,  Inverness-shire . 140 

CoNYBEARE,  C.  E.  B.  An  Occurrence  of  Orbicular  Structure,  of 
Metasomatic  Origin,  in  the  Gold  Coast . 14S 

CORRESPONDENCE 

The  Camptonite-Monchiquite  Suite  of  Loch  Eil.  G.  S.  Johnstone. 

J.  E.  Wright . 148 

Pn^Cambrtan  Algal  Limestones.  Allan  F.  Wilson  ....  149 
Micropalaeontological  Tedmique.  A.  J.  Knights  ....  ISO 

Lineation  in  HigJuiuKl  Schists.  D.  B.  McIntyre  .ISO 


ANNOUNCEMENT 
p.  144 

REVIEW 
p.  1S2 

STEPHEN  AUSTIN  &  SONS,  LTD. 

1  FORE  STREET,  HERTFORD,  HERTS 


SUBSCRIPTION  33/6  PER  ANNUM 


GEOLOGICAL  MAGAZINE 

founded  in  1864 

by  the  late  Dr.  H.  Woodward,  F.R.S..  with  which 
is  incorporated 

THE  GEOLOGIST 

(founded  1858) 


Published  every  two  months,  price  32/6  per  annum 
(single  numbers,  7/6). 


Subscriptions  for  1950,  inquiries  relating  to  back 
stock,  advertising,  etc.,  should  be  sent  to  Stephen 
Austin  &  Sons,  Ltd.,  Fore  Street,  Hertford,  Herts. 


Instructioiis  to  Contributors. 

Artides  submitted  for  publication  in  the  Geological  Magazine  should  be 
addressed  to  the  Editors  at  the  Sedgwick  Museum,  Cambridge,  not  to  the 
Publishers. 

Manuscripts  should  be  typewritten,  double-spaced,  and  preferably  with  a 
wide  margin,  and  should  be  carefully  revised  ;  they  should  be  as  concise  as 
possible,  and  in  no  case  should  an  article  exceed  10,000  words.  MS.  must  be 
accompanied  by  a  short  abstract,  50-100  words.  References  should  not  be 
given  in  footnotes,  but  arranged  in  alphabetic  order  of  author’s  names  at  the 
end  of  the  article  ;  the  author’s  name  should  be  followed  by  date  of  publica¬ 
tion,  and  the  title  of  each  paper  should  be  given  in  addition  to  volume  and 
page  numbers  of  the  Journal,  thus  : — 

Lapwctith,  C.  1878.  The  MoflTat  Series.  Quart.  Journ.  Geol.  Soc.,  xxxiv, 
240-343. 

References  should  be  cited  in  the  text  by  author’s  name  and  date,  with  page 
reference  if  necessary,  in  brackets  : — (Lapworth,  1878,  p.  339). 

Illustrations  should  be  so  drawn  as  to  allow  reduction  to  a  maximum  size  of 
6f  X  3i  inches  (the  type-area  of  the  Magazine)  and  originals  must  not  exceed 
1 40  X  22  inches.  Map  lettering  should  be  such  as  to  be  clearly  legible  after 
f  reduction  (equivalent  to  5-point  as  a  minimum  on  reduction),  while  lettering 
[x>n  text-figures  should  in  general  be  left  in  pencil  for  printing. 

Authors  will  receive  25  reprints  free  of  cost. 


Geological  Magazine 


VOL.  LXXXVllI.  No.  2.  MARCH-APRIL,  1951 

Issued  12th  April,  1951. 


Evidence  of  Lava  Formation  in  situ,  South-West 
Uganda 

By  Arthur  Holmes 
{University  of  Edinburgh) 

Abstract 

Annular  mounds  of  clinkery  lava  encircling  shallow  depressions 
floored  with  similar  lava  were  recently  discovered  by  the  late 
A.  D.  Combe  in  S.W.  Uganda.  From  their  morphological,  petro¬ 
graphic,  and  chemical  peculiarities,  here  descril^  it  is  inferred 
that  they  represent  transfusion  products  of  superficial  tuff  occupying 
the  sites  of  unusually  hot  fumaroles.  The  dominant  added  materials 
are  found  to  be  iron  oxides,  TiO,,  K|0,  and  P,0,.  It  is  suggested 
that  the  PtO,,  which  is  abnormally  abundant,  may  h<ive  been 
derived  from  tone  beds  in  the  underlying  Kaiso  Series. 

IN  1943  the  late  Mr.  A.  D.  Combe  of  the  Geological  Survey  of 
Uganda  discovered  a  small  annular  “  clinker-mound  ”  near  Lake 
Kasenyi  at  the  northern  end  of  the  Bunyaruguru  volcanic  field  (Text- 
fig.  1).  A  year  or  two  later  he  found  other  examples  near  the  northern 
shore  of  Lake  Edward ;  one  near  Kayanja,  close  to  the  Uganda- 
Belgian  Congo  boundary  and  well  to  the  west  of  the  Katwe-Kikorongo 
field,  and  two  others  near  Kinyampazi,  a  few  miles  nearer  to  Katwe. 
These  clinker-mounds,  of  which  the  largest  is  only  thirty  yards  across 
and  three  feet  high,  consist  of  scoriaceous  or  pumiceous  lava  and 
clinkers  and  are  clearly  of  volcanic  origin.  They  are  of  special  interest 
in  providing  evidence  from  which  it  can  be  inferred  that  the  exposed 
lava  has  in  each  case  been  generated  in  situ  by  the  fluxing  or  trans¬ 
fusion  of  the  tuffs  or  tuffaceous  sediments  that  constitute  the  upper¬ 
most  layers  of  the  adjacent  country  rocks.  The  clinker-mounds  are, 
in  fact,  embryo-volcanoes  of  a  type  which,  so  far  as  I  know,  is  unique. 
The  following  account  of  the  occurrences  and  their  petrogenetic 
significance  is  based  on  Combe’s  unpublished  field  notes  (Combe, 
1946)  and  letters,  and  on  the  study  and  analyses  of  the  specimens 
that  he  sent  me  not  long  before  his  lamented  death  in  May,  1949. 

In  this  part  of  the  Western  Rift  much  of  the  floor  of  the  depression 
is  occupied  by  the  Pleistocene  lacustrine  and  fluviatile  deposits  known 
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as  the  Kaiso  Series.  The  underlying  rocks  are  of  Pre-Cambrian  age, 
probably  belonging  mainly  to  the  Toro  System  (schists,  quartzites, 
amphibolites,  gneisses,  and  associated  granites)  except  to  the  east, 
where  the  argillites,  phyllites,  quartzites,  and  associated  granites  of  the 
later  Karagwe-Ankolean  System  begin  to  appear  amongst  the  ejected 
blocks  found  in  and  around  the  post-Kaiso  explosion  vents. 

The  Pleistocene  to  Recent  geology  of  the  Lake  George-Lake  Edward 
depression  has  been  described  by  Wayland  (1925, 1926, 1934)  and  Fuchs 
(1934).  During  a  pluvial  phase,  correlated  with  the  Kamasian  or 
Middle  Pleistocene,  the  depression  was  occupied  by  a  large  lake, 
probably  continuous  with  a  greatly  enlarged  Lake  Albert,  in  which 
the  clays  and  arenaceous  beds  of  the  Kaiso  Series  were  deposited.  At 
this  time  Ruwenzori  was  an  island.  Later  the  climate  became  increas¬ 
ingly  arid,  and  selenite  and  kunkar  appear  in  the  upper  Kaiso  beds, 
together  with  impersistent  ironstone  bands  that  mark  the  sites  of 
shallow  pools  left  at  intervals  during  the  pulsating  contraction  of  the 
lake.  The  ironstones  commonly  contain  the  fossil  bones  of  mammals. 


WOO' 


Kaiso  Sorias 
with  local  tuffs 


1.  Kitseny^ 

C.754»-^ 


^  Mbu^ 

’’oL  ffyamitnunka 


Zjanja 
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Text-ro.  1. — Sketch-map  of  the  region  between  Lake  George  and  Lake 
Edward,  S.W.  Uganda,  to  illustrate  the  geological  setting  and 
localities  (x)  of  the  clinker-mounds.  Dotted  areas  are  mantled 
with  tuffs.  K.-A.  =  Karagwe-Ankolean. 

reptiles,  and  fish,  in  addition  to  a  variety  of  molluscan  shells.  Occasional 
tuffaceous  beds  show  that  volcanic  activity  had  already  begun  in  the 
area.  Increasing  aridity  eventually  led  to  the  extinctron  of  the  lake 
fauna.  At  this  stage  renewed  rift  faulting  took  place  and  about  the 
same  time  another  pluvial  phase  began  (Gamblian  or  Upper  Pleisto¬ 
cene).  The  lakes  again  increased  in  extent  and  a  new  fauna — essentially 
that  of  the  present  day — came  in  from  the  Nile  basin.  Volcanic  activity, 
at  first  represented  by  widespread  subaqueous  tuffs,  now  became 
more  vigorous.  Wayland  (1925,  p.  49)  considers  that  some  of  the  older 
explosion  craters  were  blown  through  the  floor  of  the  lake  in  which 
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the  subaqueous  tuffs  were  deposited.  Since  then,  with  minor  fluctua¬ 
tions  of  level,  the  lakes  have  receded  to  their  present  positions,  and 
volcanic  activity,  having  reached  and  passed  its  climax,  has  recently 
become  dormant  or  possibly  extinct. 

The  tuffs  contain  fragmental  materials  consisting  of  (a)  the  under¬ 
lying  Pre-Cambrian  rocks  and  their  minerals ;  (A)  the  rocks  and 
minerals  of  a  subvolcanic  suite  of  biotite-pyroxenite  and  related 
types,  including  pyroxenite,  glimmerite,  and  peridotite  ;  and  (c)  lapilli 
of  katungite.  For  a  general  map  of  this  volcanic  province  and  a 
summary  of  the  ultrabasic  potash-rich  volcanic  types  by  which  it  is 
characterized,  see  Holmes  (1950).  The  clinker-mounds  now  to  be 
described  are  probably — apart  from  tufa  deposits  and  hot  springs — 
amongst  the  latest  manifestations  of  the  waning  activity. 

Kayanja  Clinker-Mound 

Kayanja  is  the  name  of  a  small  lagoon  and  Ashing  village  situated 
about  two  and  a  half  miles  east  of  the  Uganda-Congo  boundary 
along  the  Lubelia  River  and  three  miles  S.S.W.  of  M.P.  103  on  the 
Katwe-Beni  road.  The  lagoon  is  separated  from  Lake  Edward  by 
a  narrow  strip  of  sand  and  is  not  a  crater  lake,  the  nearest  known 
crater  being  that  of  Katwe.  The  adjacent  country  is  underlain  by  beds 
of  the  Kaiso  Series  with  a  thin  cover  of  subaqueous  tuff  of  varying 
thickness,  the  distribution  of  which  suggests  that  the  crater  or  craters 
from  which  it  came  may  be  situated  in  the  floor  of  Lake  Edward. 
Fuchs  (1934,  p.  149)  describes  the  deposits  exposed  in  the  Lubelia 
gorge  as  54  feet  of  clays,  sands,  and  gravels,  with  abundant  dispersed 
kunkar,  covered  by  6  feet  of  fine  tuff.  The  latter  seems  to  be  undis¬ 
turbed  by  faults  which  displace  the  underlying  Kaiso  beds  (pp.  150 
and  151).  This  pre-tuff  faulting  probably  accounts  for  certain  terrace- 
like  features  described  by  Combe  in  the  vicinity  of  the  Kayanja  lagoon. 
Here  the  ground  rises  with  a  uniform  slope  in  a  north-easterly  direction, 
interrupted  by  the  development  of  a  series  of  benches  which  trend 
N.E.-S.W.  The  step-up  or  “  riser  ”  varies  locally  from  a  moderate 
slope  to  a  steep  face,  the  differences  in  level  from  one  bench  to  the  next 
being  anything  up  to  30  feet.  The  benches  are  not  lake-terraces  and 
Combe  regarded  their  faces  as  the  tuff-mantled  surface  expression  of 
monoclinal  flexures  or  faults. 

Close  to  the  outer  edge  of  one  of  the  benches  Combe  discovered 
an  annular  mound,  about  15  yards  across  from  rim  to  rim.  The  mound 
rises  to  a  height  of  three  feet  above  the  ground  level  of  its  outer  margin, 
but  only  one  foot  above  the  shallow  circular  depression  which  it 
encloses  (Text-fig.  2).  The  slope  down  to  the  next  bench  is  composed 
of  bedded  tuff  disposed  conformably  with  the  surface.  C.  7728, 
described  below,  is  a  sample  of  what  is  probably  the  same  layer  of 
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tuff,  collected  from  a  point  nearer  the  lagoon.  The  mound,  however, 
is  composed  of  highly  vesicular  black  lava  (C.  7681)  and  clinker-like 
blocks  of  the  same  material.  Similar  clinker-lava  occupies  the  floor 
of  the  depression,  but  no  trace  of  it  or  of  ejected  material  of  any  kind 
could  be  seen  beyond  the  outer  margin  of  the  mound.  The  mound 
obviously  encircles  a  small  volcanic  focus,  the  activity  of  which  was 
just  sufficiently  explosive  to  vesiculate  the  lava  and  separate  some  of  it 
into  clinkers,  but  not  so  vigorous  as  to  eject  any  of  the  latter  beyond 
the  mound  itself. 


Kayanji 


Kasenyi 


45  Feet" 


90  Feet 


TEXT-nc.  2. — ^True-to-scale  sections  across  the  Kayanja  and  Kasenyi  clinker- 
mounds  (after  A.  D.  Combe). 

The  morphology  of  the  mound,  like  that  of  the  others  to  be  described, 
presents  a  challenging  problem.  The  mound  cannot  represent  a 
miniature  cone-sheet,  as  the  lava  would  then  have  flowed  outwards 
from  the  annular  fissure  more  copiously  than  inwards.  If  the  lava 
had  issued  from  a  central  orifice  of  small  diameter  compared  with 
that  of  the  mound,  it  should  have  crept  along  the  surface  in  irregular 
tongues  with  a  marked  elongation  down  the  lakeward  slope  of  the 
groimd  ;  at  best  an  elliptical  form  rather  than  a  circular  one  should 
have  resulted.  Moreover,  no  mechanism  would  be  available  for  the 
construction  of  a  peripheral  mound  surrounding  a  broad  depression  : 
on  the  contrary  an  arched  surface  with  a  central  mound  would  be 
expectable.  The  only  remaining  possibilities  seem  to  be  either  a 
cylindrical  or  a  funnel-shaped  vent  with  a  surface  diameter  comparable 
to  that  of  the  mound  itself.  In  either  case  the  mound  could  be  accounted 
for  as  a  sluggish  overflow  which  rapidly  consolidated  to  form  an 
obstruction  which,  like  a  levee,  held  back  the  vent-lava.  The  depression 
could  then  be  ascribed  to  subsequent  contraction  of  the  material 
within  the  vent.  The  nearly  flat  floor  of  the  depression  suggests  con¬ 
traction  within  an  essentially  cylindrical  vent ;  but  the  same  result 
might  possibly  be  achieved  by  contraction  of  a  funnel-shaped  mass, 
provided  that  the  lava,  when  molten,  was  sufficiently  viscous  to  swell 
up  into  a  low  dome  before  beginning  to  consolidate.  The  heterogeneity 
of  the  clinker  lava  indicates  that  it  could  never  have  been  very  mobile 
and  consequently  a  funnel-shaped  vent  cannot  be  ruled  out. 

However  this  may  be,  two  further  inferences  may  be  drawn.  First, 
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the  contraction  represented  by  the  depression  is  very  slight ;  a  foot 
for  a  cylindrical  vent :  a  few  feet  for  a  funnel-shaped  vent.  Hence 
the  depth  of  the  originally  molten  lava  can  only  have  been  of  the  order 
of  a  few  tens  of  feet,  possibly  up  to  a  hundred  feet  if  account  is  taken 
of  frictional  resistance  and  bridging  effects  within  the  consolidating 
vent.  A  closer  estimate  is  not  practicable,  but  clearly  the  vent  cannot 
have  been  occupied  at  any  stage  by  any  considerable  depth  of  lava. 
The  phenomenon  is  obviously  a  superficial  one. 

Secondly,  there  is  the  question  of  what  has  happened  to  the  tuffs 
and  underlying  sediments  that  originally  occupied  the  space  of  the  vent. 
They  have  not  been  blown  out  to  any  detectable  extent ;  relics 
of  the  tuff  still  remain  in  the  lava  ;  and  these  relics,  including  fragments 
of  augite  (see  p.  78),  provide  evidence  that  the  original  rocks  could 
not  have  sunk.  The  upper,  visible  part  of  the  lava  must  therefore  have 
been  formed  from  the  tuff  that  mantles  the  country  by  some  process  of 
fluxing  or  transfusion  (cf.  Ferret,  1924,  p.  27).  Again  a  shallow  depth 
of  lava  formation  is  implied,  since  the  maximum  expansion  involved 
in  the  transformation  of  tuff  and  sediment  to  lava  (the  exposed  part  of 
which  is  highly  scoriaceous  and  relatively  more  voluminous  than 
the  tuff)  was  only  sufficient  to  raise  the  column  of  fused  material  a  few 
feet  above  the  original  level  of  the  ground.  Further  evidence  supporting 
these  conclusions  is  provided  by  the  petrography  of  the  tuif  and 
clinker-lava,  and  by  petrochemical  considerations. 

Kayanja  Tuff. — C.  7728,  representing  the  surface  layer  of  the  country 
rocks,  is  a  fairly  compact  grey  bedded  tuff  with  lighter  and  coarser 
bands  up  to  an  inch  thick  alternating  with  darker  and  finer-grained 
bands  about  half  an  inch  thick.  The  constituents  are  the  same  in  both 
types,  but  they  differ  in  proportion  and  size,  the  lighter  bands  being 
richer  in  quartz  and  having  grains  nearly  twice  the  size  of  the  darker 
bands.  In  the  latter  the  fragments  are  mostly  about  O  S  mm.  across, 
with  a  range  from  01  to  1  mm.,  and  the  darker  colour  is  due  to  a 
greater  abundance  of  katungite. 

The  fragments  are  mostly  angular  and  consist  of : — 

(a)  Katungite  containing  altered  yellowish  melilite  and  fresh 
olivine,  black  ore,  and  perovskite  in  a  glassy  matrix  that 
varies  in  colour  from  very  dark  brown  to  orange  or  yellowish- 
green  and  is  generally  but  not  invariably  free  from  vesicles  ; 

ib)  bright  green,  variegated,  and  pale-tinted  varieties  of  augite, 
and  in  smaller  amounts  reddish-brown  biotite,  olivine,  black 
ore,  and  rare  apatite,  together  with  occasional  composites 
of  two  or  more  of  these  minerals,  the  whole  forming  a  char¬ 
acteristic  assemblage  derived  from  the  biotite-pyroxenite- 
peridotite  suite ;  and 
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(f)  quartz,  perthite,  and  orthoclase  (generally  fresh  but  sometimes 
traversed  by  veins  of  matted  sericite),  and  pale  brown  wisps 
of  biotite  ;  highly  sericitized  feldspar  and  chlorite,  and 
composites  of  these  with  or  without  quartz,  some  of  which 
are  suggestive  of  gneiss  or  schist ;  quartzite  and  vein  quartz  ; 
and  sericite-quartz-schist  conspicuously  interbanded  or  veined 
by  magnetite. 

The  assemblage  of  the  accidental  constituents  suggests  derivation 
from  the  rocks  of  the  Toro  System,  such  as  are  exposed  in  the  foothills 
of  Ruwenzori  (Combe,  1944,  p,  6)  and  from  associated  granites, 
most  of  which  are  probably  post-Karagwe-Ankolean  types.  Even 
though  some  of  the  fragments  may  have  been  immediately  derived 
from  the  coarser  beds  of  the  Kaiso  Series,  they  would  still  represent 
Toro  and  associated  rock-debris  transported  from  the  north.  The  finer 
materials  of  the  Kaiso  beds,  such  as  silt  and  clay  particles,  appear  to  be 
lacking. 

The  above  ingredients  are  incompletely  cemented  by  calcite,  which 
does  not  fill  more  than  a  third  or  a  half  of  the  original  pore-space. 

The  Clinker-lava. — C.  7681,  from  the  clinker-mound,  is  a  black 
scoriaceous  lava,  variegated  here  and  there  with  irregular  drawn-out 
patches  and  spindles  of  lighter  colour.  A  few  relics  of  highly  altered 
tuff  up  to  nearly  1  cm.  long  can  be  recognized  and  in  parts  of  the 
specimen  numerous  sub-angular  grains  of  white  quartz  are  visible. 
Part  of  the  specimen  retains  the  original  surface,  but  the  weathering 
effect  is  confined  to  a  mere  film  of  brown  or  ochreous  colour,  indicating 
that  the  lava  cannot  have  been  long  exposed.  The  smaller  vesicles  are 
approximately  spherical  and  range  in  size  from  01  mm.  to  1  cm., 
with  many  composite  shapes  due  to  coalescence  ;  larger  ones  tend  to  be 
elliptical  in  section  and  the  largest,  up  to  2  or  3  cm.  long,  are  irregular 
composites  of  these.  They  all  have  a  matt  or  glazed  surface,  which  is 
nearly  black  except  in  the  lighter  patches  and  towards  the  outside, 
where  the  colour  is  greyish-brown. 

In  thin  section  the  rock  has  the  appearance  of  a  heterogeneous 
material,  such  as  tuff,  that  has  been  incompletely  transfused.  Xenolithic 
materials  (or  skialiths)  comprise  the  following  : — 

(а)  Rare  tuff  inclusions,  still  recognizable  because  of  the  retention 

of  a  characteristic  pyroclastic  structure  which  has  been  largely 
transformed  to  opaque  material,  the  structure  being  picked 
out  in  various  tints  ranging  from  grey  to  reddish-brown. 
Dark  rims  of  this  transformation  product  outline  the  relics  of 
quartz,  feldspar,  and  augite  that  still  remain  in  the  altered 
tuff.  The  surrounding  matrix  is  also  darker  than  usual, 
apparently  because  of  a  concentration  of  black  ore. 

(б)  Augite,  in  varieties  like  those  of  the  tuff,  amounting  to  about 
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6  per  cent  by  volume  of  the  solid  part  of  the  rock,  together 
with  a  few  grains  of  black  ore  and  very  rare  prismoids  of 
apatite.  Neither  olivine  nor  biotite  has  been  detected. 

(c)  Quartz,  including  vein-quartz  and  quartzite ;  perthite  and 
orthoclase  ;  and  aggregates  rich  in  sericite  ;  together  making 
up  about  12  per  cent  by  volume  of  the  solid  part  of  the  rock. 
These  are  occasionally  rimmed  and  tongued  by  glassy  material, 
veinlets  of  which  traverse  some  of  the  crystals.  Bands  of 
magnetite  are  present  in  some  of  the  sericitic  aggregates  and 
thus  recall  the  magnetite-banded  sericite-schist  fragments  of 
the  tuff.  Calcite,  as  would  be  expected,  has  entirely  dis¬ 
appeared. 

In  the  darker  parts  of  the  lava  the  matrix  consists  of  a  cloudy  grey 
cryptocrystalline  to  isotropic  background  which  is  strewn  with  minute 
prismoids  of  pyroxene  and  specks  and  rods  of  black  ore,  the  latter 
being  locally  concentrated  into  clots  or  clusters.  In  places  the  matrix 
is  extremely  variable  in  appearance  and  merges  into  streaks  and  patches 
resembling  the  matrix  of  the  lighter  parts  of  the  rock.  The  latter  are 
characterized  by  a  background  of  clear,  faintly  greenish  glass,  criss¬ 
crossed  with  minute  needles  of  pyroxene. 

The  constitution  and  heterogeneity  of  the  lava  are  clearly  consistent 
with  the  inference  that  it  represents  a  transfusion  product  from  the 
tuff.  Moreover,  since  the  original  tuff  was  a  superficial  layer  only  a 
few  feet  thick  and  relics  of  the  tuff  and  its  ingredients  are  visibly 
present  in  the  lava,  it  follows  that  the  material  of  the  tuff  could  not 
have  sunk  and,  hence,  that  the  transfusion  must  have  occurred 
essentially  in  situ. 

Chemical  Composition. — The  results  of  an  analysis  of  the  Kayanja 
lava  are  listed  in  column  1  of  Table  1.  The  composition  is  obviously 
highly  abnormal  and  quite  unlike  that  of  any  of  the  lavas  of  the 
neighbouring  volcanic  fields.  It  also  differs  significantly  from  any 
reasonable  estimate  of  the  composition  of  the  parental  tuff,  notably 
in  its  relatively  high  iron  oxides,  KjO,  TiO*,  and  P,0»,  thereby  suggest¬ 
ing  that  considerable  quantities  of  these  constituents  were  added  during 
the  transfusion. 

In  order  to  estimate  the  composition  of  the  minimum  amount  of 
material  required  to  transform  tuff  into  lava,  let  us  assume 

(i)  that  the  tuff  is  composed  of  the  debris  of  granite  (G),  quartz  (Q), 

and  biotite-pyroxenite  and  its  associates  (O.B.P.),  together 
with  a  calcite  cement ; 

(ii)  that  the  A1»0,  and  MgO  of  the  lava  are  provided  by  G  and 

O.B.P. ; 
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(iii)  that  the  SiO,  of  the  lava  is  provided  by  G,  Q,  and  O.B.P. ; 

and 

(iv)  that  the  CaO  of  the  lava  is  provided  by  G,  O.B.P.,  and  the 

CaO  (Q  of  the  calcite  cement. 

If  L  represents  the  composition  of  the  lava  and  A  that  of  the  material 
to  be  added  to  the  tuff  to  make  L,  then  we  have  the  following  equation 
for  each  constituent  in  turn  : — 

100  L  =  (100  -a-b-c-d)A+aG+bQ  +  cO.B.P.  +  dC 


0^'' 


Table  1 

Analyses  of  Clinker-Mound  Lavas 
(W.  H.  Herdsman) 


I. 

II. 

III. 

IV. 

C.  7681 

C.  7716 

C.  7549 

C.  7548 

Kayanja 

Kinyampazi 

Kasenyi 

(grey) 

(white) 

SiO,  . 

.  53-82 

60-76 

63  04 

65  08 

A1,0,  . 

8-58 

5-82 

4-85 

3-75 

FcjO, 

2-39 

6-24 

1-17 

•47 

FeO 

8-56 

•81 

2-61 

1-83 

MgO  . 

4-04 

3-73 

3-49 

3-29 

CaO  . 

9-32 

716 

6-96 

6-33 

Na,0  . 

1-18 

202 

116 

2-22 

K,0 

4-71 

4-92 

7-44 

6-69 

H,0  + 

•79 

2-32 

3-12 

313 

H,0  - 

•20 

•18 

•34 

•87 

CO,  . 

.  none 

none 

none 

none 

TiO,  . 

3-18 

1-76 

116 

118 

P*05  . 

2-58 

3-49 

4-22 

4-54 

Cl. 

•17 

•08 

— 

•29 

F  . 

tr. 

tr. 

— 

tr. 

SO,  . 

none 

•17 

— 

none 

MnO  . 

•42 

•27 

•22 

•26 

Total 

.  99-94 

99-73 

99-78 

99-93 

Less  0 

•04 

•02 

— 

•07 

99-90 

99-71 

99-78 

99-86 

average  G  and  O.B.P.  the  figures  listed  in  Table  2  are  adopted. 

Q  is  100  per  cent  SiO*  and  C  is  100  per  cent  CaO.  Inserting  the  figures 
for  AljOj  and  MgO  in  the  above  equation  gives  two  equations  that 
can  be  solved  for  a  and  c.  Knowing  the  values  of  a  and  c,  the  figures 
for  SiO,  give  b  and  those  for  CaO  give  d.  The  composition  of  A  can 
then  be  calculated  for  each  of  the  remaining  constituents  ;  the  results, 
expressed  as  percentages,  are  listed  in  column  A  I  of  Table  2,  together 
with  the  values  of  a,  b,  c,  and  d  in  each  case.  Confirming  the  preliminary 
impression,  the  dominant  added  materials  are  found  to  be  iron  oxides, 
TiO*,  K*0,  and  PjOj.  It  should  be  noted  that  if  the  calculations 
are  carried  out  with  average  katungite  (Holmes,  1950,  p.  784)  in 
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place  of  average  O.B.P.  the  composition  of  A  then  found  turns  out  to 
be  much  the  same  as  before.  A  mixture  of  katungite  and  O.B.P., 
such  as  actually  occurs  in  the  tuffs,  would  therefore  also  lead  to  similar 
results.  Moreover,  no  essential  differences  are  found  if  average  pelitic 
rock  is  adopted  in  place  of  average  granite. 

The  nature  and  possible  sources  of  the  added  materials  will  be  further 
discussed  after  briefly  describing  the  other  clinker  mounds.  Mean¬ 
while  the  fact  that  Na*0  comes  out  as  a  small  negative  quantity  in 

Table  2 


Average 


Estimated  Composition  of  A 


G. 

O.B.P. 

K. 

A  I. 

A  II. 

A  III. 

A  IV. 

SiO. 

72-51 

42  89 

34-54 

Al.O, 

14-73 

7-45 

7-77 

Kinyam- 

Kasenyt 

Fe,0, 

■69 

3-97 

7-17 

Kayanja 

pazi 

(grey) 

(tohtte) 

FeO 

•79 

5-33 

4-74 

MgO 

•49 

17-58 

12-i8 

Fe.O,  . 

8-05 

34  16 

1-56 

-  2-31 

CaO 

1  -06 

13-00 

15-94 

FeO 

47  09 

-  3-32 

8-89 

4-70 

2-79 

•49 

1-39 

MnO  . 

2-59 

1-59 

1-24 

1  54 

K.O 

5-28 

3-15 

3-70 

TiO,  . 

15-07 

5-98 

6-8l 

2-87 

H.O  + 

•72 

•97 

2-83 

Na,0  . 

-  1-65 

7-20 

2-64 

10-82 

H.O  - 

•18 

•25 

1-32 

K,0  . 

10-23 

17-84 

35-51 

33-93 

CO, 

•23 

■09 

1-38 

H.O  +  . 

I  -60 

13-45 

17-52 

18-35 

TiO, 

■20 

3-85 

5  05 

P.O.  . 

16 -02 

21-79 

25-83 

28-50 

ZrO, 

•02 

none 

Cl 

1  -01 

•44 

— 

I  -60 

•13 

•58 

•95 

SO, 

— 

•87 

— 

— 

ci  . 

■03 

■02 

■01 

F  . 

•07 

■07 

■  16 

100*00 

100*00 

100-00 

100*00 

s 

•03 

•05 

■19 

— 

Cr,0, 

none 

•13 

■02 

v.o, 

tr. 

■04 

■04 

Parameters  calculated  as 

on  p.  80 

NiO 

none 

•05 

■  10 

a  . 

47*35 

29-33 

23-29 

16-33 

MnO 

■03 

■09 

•27 

b  . 

10*20 

30-74 

37-92 

46-41 

BaO 

•09 

•13 

•21 

e  . 

21*66 

20-40 

19-20 

18-26 

SrO 

none 

■06 

■20 

d  . 

7*00 

4-17 

4-22 

2-78 

U.O 

U. 

tr. 

tr. 

!  Percentage  of  A  ^ 

(100  —  a 

—  b  —  e 

-«/):— 

\ 

13-79 

15-36 

15-37 

15-22 

100*07 

100*24 

10016 

Less  0 

004 

•05 

•  16 

100*00 

100*00 

100*00 

100*00 

10003 

100-19 

100*00 

G.  Average  composition  of  six  analyses  of  post-Karagwe-Ankolean  granites,  S.W. 
Uganda  (lUng,  1939,  p.  138  ;  Holmes,  1950,  p.  784). 

O.B.P.  Average  composition  of  seven  analyses  of  members  of  the  O.B.P.  suite,  S.W. 
Uganda  (Holmes,  loc.  dt.). 

K.  Average  composition  of  five  analyses  of  katungite,  S.W.  Uganda  (Holmes, 
loc.  cit.). 

A.  Material  to  be  added  to  the  tuff  to  make  the  corresponding  lava. 


the  estimate  of  the  added  materials  (A  I,  Table  2)  calls  for  comment. 
This  apparent  anomaly  may  mean  either  that  the  original  surface  tuff 
contained  less  Na*0  than  the  amount  assumed  in  the  calculation  or, 
more  probably,  that  some  of  the  NajO  originally  present  in  the  tuff 
was  volatilized  and  removed.  It  is,  of  course,  very  likely  here,  and 
indeed  at  all  the  clinker-mound  vents,  that  a  certain  amount  of  the 
alkali  constituents  of  the  added  materials  would  themselves  escape 
fixation  and  be  carried  into  the  atmosphere  (cf.  Hobley,  1918).  A 
magmatic  source  for  potash  and,  where  necessary,  for  soda  presents 
no  difficulty  in  this  volcanic  province. 
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Kinyampazi  Clinker-Mounds 

In  the  neighbourhood  of  Kinyampazi  the  ground  slopes  gently 
south-westwards  towards  the  Lake  shore  and  here,  as  at  Kayanja, 
the  lateral  continuity  of  the  slope  is  broken  by  a  series  of  benches 
elongated  in  a  N.E.-S.W.  direction.  Wherever  there  are  exposures, 
the  country  is  seen  to  be  mantled  with  calcareous  tuflFs,  except  near 
Kinyampazi  where  two  low  annular  mounds  of  a  sinter-like  pumiceous 
rock  rise  above  the  general  surface.  Combe  gives  no  dimensions  but 
states  that  the  mounds  differ  from  the  others  only  in  being  a  little 
smaller.  He  describes  the  freshly  broken  rock  as  looking  “  like  a  dirty 
white  to  brownish-grey  porous  fused  silica  with  inclusions  of  tiny 
subangular  grains  of  quartz  and  black  iron  ore  and  flakes  of  biotite 

The  specimen  sent  for  examination  (C.  7716)  corresponds  to  this 
description,  but  in  thin  section  it  can  be  seen  that  fragments  of  augite 
are  more  abundant  than  biotite,  that  very  little  unaltered  iron  ore 
remains,  and  that  feldspar  is  present  as  well  as  quartz.  Compared 
with  the  Kayanja  clinker,  quartz  is  much  more  abundant  and  feldspar 
and  biotite  less  so.  The  feldspar  is  mostly  orthoclase  and  perthite, 
but  a  little  oligoclase  can  also  be  detected.  Some  of  the  grains  now 
consist  largely  of  buff-coloured  glass  containing  island-like  and  optically 
continuous  relics  of  fresh  feldspar.  A  few  round  pellets,  though  altered 
mineralogically  beyond  recognition,  have  forms  and  internal  structures 
suggestive  of  katungite  lapilli.  All  these  ingredients,  which  together 
constitute  a  typical  tuff  assemblage,  are  embedded  in  a  highly  vesicular 
matrix.  The  latter  is  a  grey  to  reddish-brown  cryptocrystalline  material, 
clearing  in  places  to  a  transparent  buff-coloured  glass  and  locally, 
in  the  neighbourhood  of  iron-ore  grains,  becoming  nearly  black  or 
opaque  red. 

Chemically  (Analysis  II,  Table  1)  the  lava  has  the  same  peculiarities 
as  the  Kayanja  rock.  Corresponding  to  the  differing  proportions  of 
quartz  and  feldspar,  SiO,  is  higher  and  Al*Os  lower.  On  the  other  hand 
alkalies  and  PjOs  are  more  abundant.  Estimation  of  the  added 
material  (A  II,  Table  2)  by  the  method  described  on  p.  80  yields  results 
that  are  qualitatively  the  same  as  before,  except  that  NaiO  is  gained 
in  this  case  instead  of  being  lost. 


Kasenyi  Clinker-Mound 

Kasenyi  is  the  name  of  a  crater  lake  situated  about  three  miles 
N.W.  of  the  Lake  George  outlet  of  the  Kazinga  Channel.  On  existing 
maps  the  lake  has  been  called  “  Bunyampaka  ”,  but  Combe  states 
that  this  is  the  name,  not  of  the  lake,  which  is  well  known  locally 
as  a  source  of  salt,  but  of  the  surrounding  country.  Kasenyi  crater 
is  about  a  mile  across  and  120-150  feet  deep.  A  section  through 
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the  beds  truncated  by  the  northern  side  of  the  crater,  figured  by 
Fuchs  (1934,  p.  162),  shows  a  succession  of  gravel  and  kunkar  deposits 
with  an  interbedded  layer  of  “  ash  ”  near  the  top,  all  dipping  away 
from  the  crater.  These  are  considered  by  Fuchs  to  be  of  Gamblian 
age,  and  Combe  refers  to  them  as  epi-Kaiso.  The  rim  itself  consists  of 
a  later  unconformable  tuff  which  is  thought  to  be  a  product  of  the 
explosion  that  formed  the  crater.  In  this  tuff  Combe  found  no  ejected 
blocks  or  bombs  of  volcanic  rocks,  but  only  scattered  fragments  of 
the  biotite-pyroxenite-peridotite  series  and  of  rocks,  such  as  schistose 
phyllite,  and  granite,  representing  the  underlying  Pre-Cambrian 
formations. 

The  clinker-mound  rises  from  flat  ground  about  half  a  mile  west 
of  the  western  edge  of  Kasenyi  crater.  It  has  an  annular  form,  almost 
perfectly  circular  in  plan,  the  internal  and  external  dian^ters  being 
about  20  and  30  yards.  The  mound  rises  to  a  height  of  three  feet 
above  its  outer  margin,  but  only  two  feet  above  the  enclosed  shallow 
depression,  the  floor  of  which  is  nearly  flat,  and  about  a  foot  above  the 
ground  level  outside  the  mound  (Text-fig.  2).  The  mound  itself  is 
composed  of  pumiceous  lava  and  clinkers,  mostly  white  (C.  7548), 
but  having  grey  to  greenish-grey  patches  and  irregular  bands  (C.  7549). 
As  at  Kayanja,  no  trace  of  clinker-lava  or  of  other  materials  that  might 
have  been  ejected  from  the  depression  was  detected  beyond  the  outer 
margin  of  the  mound.  In  the  surrounding  district,  however.  Combe 
noticed  several  shallow  depressions  (without  encircling  mounds) 
up  to  50  yards  across  and  five  feet  or  so  in  depth,  the  wider  ones  being 
in  general  the  deeper.  While  considering  these  also  to  be  of  volcanic 
origin,  he  found  no  exposures  within  them  and  did  not  investigate 
them  further. 

The  Kasenyi  area,  which  is  open,  short  grass  country  with  scattered 
euphorbias,  is  mantled  by  a  thin  layer  of  tuff  underlain  by  epi-Kaiso 
sediments  like  those  exposed  on  the  inner  side  of  Kasenyi  crater. 
Specimens  of  the  surface  tuff  collected  further  to  the  south,  near 
Kazinga  Channel,  are  made  up  of  the  usual  ingredients  :  (a)  abundant 
quartz  with  a  little  feldspar  ;  (b)  augite,  biotite,  olivine,  and  black 
ore  ;  (c)  minute  lapilli  of  katungite,  rare  except  in  occasional  bands  ; 
and  {d)  calcite,  loosely  cementing  the  whole  assemblage. 

In  thin  section  the  two  specimens  are  found  to  have  a  much  higher 
proportion  of  clear  glass  and  cryptocrystalline  matrix  than  those 
from  the  north  shore  of  Lake  Edward.  The  relics  of  quartz,  feldspar, 
and  augite  are  much  smaller  and  less  abundant  and  only  a  few  scraps 
of  altered  biotite  now  remain.  No  recognizable  relics  of  katungite 
lapilli  have  been  detected.  In  the  darker  specimen  (C.  7549)  some  of  the 
glass  is  yellowish-green  instead  of  pale  buff,  and  the  cryptocrystalline 
part  of  the  matrix  is  a  darker  grey  and  more  turbid.  Chemically  the 
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differences  can  be  ascribed  to  the  higher  content  of  iron  oxides  in 
C.  7549  (Analyses  III  and  IV,  Table  1). 

The  two  specimens  are,  however,  of  essentially  similar  composition. 

In  their  remarkably  low  AltOs  and  high  K*0  and  P*Oj  they  depart 
from  normal  igneous  rocks  even  more  strikingly  than  those  previously 
described.  It  is  obvious  that  they  must  have  had  a  highly  unusual 
mode  of  origin.  Estimation  of  the  composition  of  the  added  materials 
(A  III  and  A IV,  Table  2)  shows  that  in  this  case  the  latter  were  much 
richer  in  K*0  and  PjO*  and  much  poorer  in  iron  oxides. 

With  regard  to  the  origin  of  the  mound  the  same  considerations 
apply  as  those  discussed  on  p.  76.  Though  still  small,  the  contraction 
represented  by  the  depression  within  the  Kasenyi  mound  is  greater 
than  that  estimated  for  the  Kayanja  mound.  It  is  therefore  likely 
that  lava  formation,  while  still  superficial,  may  have  been  achieved 
through  a  greater  depth  than  that  of  the  Kayanja  occurrence.  The 
higher  proportion  of  glass  and  the  higher  content  of  fluxing  agents 
found  in  the  Kasenyi  lava  is  in  accord  with  this  inference. 

Origin  of  the  Clinker- Mound  Lavas 
The  moiphology  of  the  clinker-mounds  points  to  the  conclusion 
that  they  represent  embryo-volcanic  vents  in  which  lava  was  generated 
at  and  near  the  surface  by  transfusion  in  situ  of  tuffs  and,  presumably, 
of  the  immediately  underlying  sediments.  The  highly  abnormal 
constitution  and  composition  of  the  surface  lavas  (e.g.  low  Al,Os, 
high  KjO,  and  P*06,  and  the  antipathetic  relationship  between  AljO, 
and  both  SiO*  and  KjO)  are  consistent  with  the  inference  that  the 
lavas  are  transfusion  products.  The  analyses  (Table  1)  also  provide 
data  from  which  (with  the  aid  of  the  assumptions  made  on  p.  80), 
the  minimum  percentage  and  composition  of  the  materials  introduced 
from  below  can  be  approximately  estimated. 

It  will  be  seen  from  inspection  of  Table  2  that  the  compositional 
variation  of  the  added  materials  is  by  no  means  haphazard.  Increase 
of  PjOs  is  accompanied  (o)  by  increase  of  KjO,  H,0,  and  the  sum  of 
Na*0,  KtO,  and  H*0 ;  and  (b)  by  decrease  of  iron  oxides  and  the 
sum  of  iron  oxides,  TiO*  and  MnO.  The  added  materials  evidently  fall 
into  two  well  marked  antipathetic  groups  and  these  in  turn  vary 
systematically  with  the  SiO*  percentage  of  the  transfusion  products 
themselves.  PjO*,  for  example,  increases  with  the  SiO,  content  of 
the  actual  rocks.  Unless  this  curious  correlation  is  accidental,  it 
strongly  suggests  that  SiO,  may  also  be  one  of  the  added  constituents 
of  the  P,0»  group. 

The  superficial  fusion,  the  source  or  sources  of  the  added  materials 
and  their  mode  of  transport  are  problems  that  now  call  for  discussion. 
The  morphology  of  the  mounds  and  the  constitution,  heterogeneity 
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and  highly  peculiar  compositions  of  the  clinker  lavas  preclude  the 
possibility  that  the  added  materials  can  have  reached  the  surface  as 
magma.  The  absence  from  the  volcanic  fields  of  S.W.  Uganda  of 
transitional  forms  between  clinker-mounds  and  lava  flows  or  between 
clinker-mounds  and  normal  craters  points  to  the  same  conclusion 
as  also  does  the  absence  of  volcanic  products  transitional  in  composi¬ 
tion  between  the  clinker  lavas  and  katungite.  Ascent  of  hydrothermal 
liquids  appears  to  be  ruled  out  by  the  high  temperatures  necessary  to 
promote  superficial  fusion.  Introduction  of  material  by  hot  gases  thus 
appears  to  be  indicated.  On  this  hypothesis  the  clinker-mounds 
can  be  interpreted  as  products  of  unusually  hot  fumaroles. 

As  a  result  of  the  well-known  investigations  of  the  fumaroles  of  the 
Valley  of  Ten  Thousand  Smokes  it  was  concluded  by  Zies  (1929) 
that  the  hot  vapours  transported  various  metallic  constituents  from 
below  and  concentrated  them  at  the  surface,  and  that  magnetite  in 
particular  was  formed  from  iron  transported  as  a  halide  in  a  vapour 
phase.  The  highest  steam  temperature  recorded  in  the  Valley  of  Ten 
Thousand  Smokes  was  645°  C.  and  the  magnetite  incrustations  were 
found  to  contain  only  a  trace  of  TiO*.  Zies  ascribes  this  paucity 
to  the  fact  that  the  halides  of  titanium  are  easily  hydrolyzed  at  the 
temperatures  there  obtaining.  But  TiOi  has  clearly  accompanied 
iron  oxides  in  the  formation  of  the  clinker-mounds,  particularly 
in  the  Kayanja  example,  and  it  may  therefore  be  inferred  that  the  j 
temperature  of  the  gases  concerned  in  the  transport  was  considerably 
higher  than  645°  C.  TiO*  is  a  characteristically  abundant  constituent 
of  the  S.W.  Uganda  lavas  and  a  magmatic  source  in  depth  for  TiO, 
and  part,  at  least,  of  the  iron  oxides  can  be  reasonably  assumed. 

By  themselves,  however,  hot  Fe-Ti-bearing  gases  could  not  flux 
the  surface  rocks  without  even  more  effectively  fluxing  the  deeper- 
seated  rocks  through  which  they  ascended.  Superficial  fusion  implies  I 
that  additional  fluxing  agents  competent  to  bring  about  fusion  must  ^ 
have  been  picked  up  by  the  magmatic  gases  comparatively  near  the 
surface.  The  abundance  of  PtO*  in  the  added  materials  suggests  that 
this  constituent  may  have  been  the  critical  fluxing  agent.  PiO*  is  not 
a  normal  constituent  of  fumarole  gases.  In  S.W.  Uganda,  on  the  other 
hand,  a  superficial  source  for  P,0»  was  probably  available.  The  bone 
beds  of  the  upper  Kaiso  sediments  have  already  been  mentioned 
(p.  74),  and  there  is  every  likelihood  that  such  bone  beds  were  en¬ 
countered  by  the  hot  ascending  gases.  If  so,  then  calcium  phosphate 
(bone)  in  the  presence  of  silica  (sand)  would  be  decomposed  with 
liberation  of  volatile  P,0,  and  formation  of  calcium  silicate.  The  \ 

addition  of  P,©*  to  gases  already  carrying  H,0,  K,0,  and  Na,0  | 

would  add  enormously  to  their  fluxing  capacity.  Since  CO,  can  be  I 
assumed  to  have  been  present  in  abundance  (cf.  Holmes,  1950),  | 
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the  whole  gaseous  assemblage  would  be  chemically  akin  in  its  effects 
to  an  intensely  hot  mixture  of  microcosmic  salt,  fusion  mixture,  and 
chlorides.  A  more  effective  agent  for  fluxing  the  overlying  rocks  could 
hardly  be  imagined. 

Since  the  fossil  bones  of  the  Kaiso  beds  generally  occur  in  ferru¬ 
ginous  bands,  it  is  possible  that  the  latter  may  have  furu;.;ned  part 
of  the  added  iron  oxides.  Such  derivation  is  not  essential,  however, 
for  the  association  of  high  TiOi  at  Kayanja  points  to  a  magmatic 
source,  while  at  Kasenyi,  where  PjOs  reaches  its  maximum,  very  little 
iron  has  been  added.  It  seems  possible  that  the  temperature  required 
for  fluxing  at  Kayanja  was  higher  than  at  Kasenyi,  where,  in  conse¬ 
quence,  the  iron  oxides,  if  originally  present  in  any  abundance,  may 
have  been  mainly  precipitated  at  a  somewhat  lower  level. 

Only  in  some  such  way  as  outlined  above  does  it  seem  possible 
to  account  for  the  apparent  shallowness  of  the  fused  contents  of  the 
clinker  vents.  If  the  P,0*  had  been  of  deep-seated  magmatic  origin, 
then  lava ,  generation  should  have  proceeded  in  depth  more  easily 
than  near  the  surface  and  a  normal  volcano  should  have  developed. 
It  may  be  asked  how  it  came  about  that  the  ascending  gases  happened 
in  each  case  to  encounter  the  necessary  bone  beds.  A  possible  answer 
is  that  where  they  did  not  do  so  the  critical  conditions  required  for 
superficial  fusion  and  mound  formation  would  not  be  attained.  In 
such  a  case  iron  oxides  might  be  precipitated  below  the  surface,  leaving 
alkali  carbonates  to  be  deposited  higher  up  (whence  they  would 
eventually  be  washed  away)  or  carried  into  the  atmosphere  where  they 
would  be  dissipated  together  with  steam,  CO,,  and  other  gases  and 
vapours.  The  only  surface  feature  then  likely  to  be  produced  would  be 
a  shallow  depression  due  to  the  contraction  of  underlying  materials 
that  may  have  been  recrystallized  or  even  partly  fused.  Thus  the 
hypothesis  here  proposed  requires  : — 

(а)  That  depressions  without  annular  mounds  should  occur  locally  : 

as  in  fact  they  do,  as  witnessed  by  the  depressions  found  by 
Combe  near  the  Kasenyi  clinker-mound  and  here  tentatively 
interpreted  as  extinct  fumarole  vents  ;  and 

(б)  that  normal  lava  flows  having  compositions  like  those  of  the 

clinker-mounds  should  not  occur — as  in  fact  they  do  not — 
since  they  would  require  a  more  voluminous  source  of  magma 
than  could  be  provided. 
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The  Subspecies  in  Palaeontology 

By  P.  C.  Sylvester-Bradley 
Abstract 

The  neontolo^cal  concept  of  a  species  as  a  group  of  “  unit  popula¬ 
tions  ”  divided  into  geographical  races  or  subsp^ies  is  applied  to 
the  palaeontological  record,  and  the  intrinsic  similarities  of  geo¬ 
graphical  and  chronological  subsp^ies  are  discussed.  It  is  concluded 
that  the  variety  and  the  subspecies  are  different  entities  both  of 
which  have  value  in  palaeontology.  Qi^titative  measures  of  the 
level  of  specific  and  subspecific  distinction  are  proposed. 

Introduction 

The  only  infraspeciiic  category  hitherto  recognized  by  the  Inter¬ 
national  Rules  of  Zoological  Nomenclature  has  been  the  sub¬ 
species,  and  palaeontologists  have  so  far  been  chary  of  using  this 
mainly  on  account  of  the  precise  definition  given  to  a  geographical 
subspecies  by  neontologif  ^  ^’.well  (1947)  has,  however,  presented 
grounds  for  the  adoption  C  "  subspecies  in  palaeontology.  Although 
certain  authors  (e.g.  Wright  and  Wright,  1949  ;  Sylvester-Bradley, 
1947  and  1949)  have  adopted  Newell’s  suggestions,  there  is  still  opposi¬ 
tion  to  the  concept  (e.g.  Hudson,  1949).  In  the  following  paper  an 
attempt  is  made  to  justify  the  chronological  subspecies  on  theoretical 
grounds,  with  the  proviso  that  the  variety  should  remain  an  important 
though  distinct  unit  in  palaeontology. 

The  Unit  Population 

The  taxonomic  unit  in  the  “  New  Systematics  ”  is  not  the  individual, 
but  the  interbreeding  population.  Such  populations  have  in  common 
a  “  gene  pool  ”.  Their  individual  members  vary  to  a  greater  or  lesser 
extent  in  all  characters.  Any  individual  member  of  such  an  inter¬ 
breeding  group  may  be  cited  as  a  morphological  variety,  and  it  is  with 
this  restricted  biological  meaning  that  the  term  variety  is  used  in  this 
paper.  Those  characters  that  are  genetically  controlled  even  if  only 
evidenced  by  a  few  of  these  “  varieties  ”  are  shared  by  the  whole 
population  in  the  sense  that  the  genes  which  produce  them  can  be 
shuffled  backwards  and  forwards  through  the  population  in  successive 
generations  by  the  ordinary  process  of  sexual  reproduction. 

Such  interbreeding  populations  have  been  called  “  demes  ”  by 
Gilmour  and  Gregor  (1939).  A  species  ^  is  made  up  of  any  number  of 
demes,  usually  isolated  from  each  other  by  some  geographical  barrier. 
Such  geographically  distinct  populations  are  spoken  of  as  topodemes. 

*  “  Species  ”  have  been  defined  by  Mayr  (1942)  as  :  “  groups  of  actually 
or  potentially  interbreeding  natural  populations,  which  are  reproductively 
isolated  from  other  such  groups.” 
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It  is  generally  accepted  that  during  the  course  of  time  the  genetical 
constitution  and  morphological  content  of  the  deme  suffer  change. 
This  process  of  continuous  evolution  has  of  course  been  demonstrated 
time  and  time  again  in  the  palaeontological  record.  The  term 
chronodeme  is  here  proposed  to  distinguish  populations  separated 
by  time,  whether  or  no  morphological  change  is  apparent.  No  limit 
of  time  interval  is  specified  in  this  definition,  so  that  theoretically  a 
living  population  passes  from  one  chronodeme  to  another  with  the 
passage  of  minutes  just  as  it  does  with  the  passage  of  millions  of  years. 
In  practice,  however,  it  will  be  convenient  for  the  palaeontologist  to 
include  within  the  one  chronodeme  all  fossils  of  the  species  found 
within  a  single  “  bed  ”,  even  though  it  is  unlikely  (or  impossible) 
that  all  were  alive  at  one  and  the  same  time.  The  arbitrary  limits 
of  the  chronodeme  will  therefore  depend  on  the  limits  ascribed  to  the 
‘‘  bed  ”  and  may  be  varied  to  suit  the  circumstances. 

The  Geographical  Subspecies 

In  a  single  species  consisting  of  several  topodemes,  the  degree  of 
isolation  will  vary  considerably.  If  certain  topodemes  are  isolated 
for  a  sufficient  length  of  time,  they  may  become  morphologically 
distinct  from  other  topodemes  of  the  same  species.  They  can  then  be 
classed  as  a  subspecies.  If  the  isolating  barrier  breaks  down,  members 
of  adjoining  subspecies  interbreed  and  the  genes  controlling  their 
morphological  peculiarities  are  contributed  to  the  main  gene  pool. 
Two  subspecies  of  the  same  species  cannot,  by  definition,  retain 
their  identity  in  such  circumstances. 

Should  two  subspecies  subsist  in  the  isolated  condition  for  a  sufficient 
length  of  time,  it  may  be  found  that  on  reintroduction  they  will  not 
for  some  reason  interbreed  to  give  fertile  progeny.  In  this  case  the 
two  populations  are  no  longer  regarded  as  members  of  the  same  species : 
speciation  has  occurred,  and  the  subspecies  was  a  stage  in  the  process. 

The  limit,  therefore,  between  species  and  subspecies  is  not  sub¬ 
jective  ;  on  the  other  hand  it  cannot  be  drawn  as  a  hard  and  fast 
line.  Even  good  species  may  occasionally  hybridize ;  moreover 
the  zone  of  hybridization  between  subspecies  may  show  the  presence  of 
some  degree  of  reproductive  isolation.  Indeed,  the  testing  ground  of 
specific  distinction  is  this  zone  of  hybridization.  Fortunately  nature 
often  provides  such  testing  grounds.  The  geographical  extent  of  a 
population  is  constantly  fluctuating.  Populations  at  one  time  isolated 
frequently  overlap  on  to  each  other’s  territory  at  a  later  date. 

The  study  of  such  regions  of  overlap  reveals  a  considerable  diversity 
of  behaviour.  There  is  a  gradation  between  the  response  of  topodemes 
which  have  not  reached  a  degree  of  distinction  that  can  be  classed  as 
even  subspecific,  to  those  in  which  reproductive  isolation  is  quite 
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complete,  and  no  hybridization  occurs  at  all.  Wherever  hybridization 
does  occur,  one  result  is  constant :  the  degree  of  variation  is  increased. 
This  is  the  particular  characteristic  of  “  hybrid  swarms  ”.  The  following 
examples  illustrate  two  cases  of  the  conditions  which  may  exist  within 
a  zone  of  hybridization  : — 

(1)  The  two  populations  hybridize  freely.  The  consequent  hybrid 
population  of  intermediates  outnumbers  both  parental  types.  Selection 
may  favour  one  of  the  hybrid  types,  which  will  then  itself  become 
isolated  as  a  new  subspecies.  Thus,  in  a  fascinating  though  preliminary 
study  of  two  forms  of  pine  tree  from  the  North  American  Pacific 
coast.  Mason  (1949)  has  shown  that  Pirtus  remorata,  which  is  of 
restricted  distribution,  being  found  on  two  islands,  is  actively  hybridiz¬ 
ing  on  one  of  them  with  the  more  widely  distributed  mainland  form, 
P.  muricata.  There  is  a  good  fossil  record  of  the  Pleistocene  flora  at 
this  locality,  and  it  reveals  that  in  Pleistocene  times  P.  remorata 
existed  as  the  dominant  form,  probably  to  the  complete  exclusion  of 
P.  muricata.  Now  it  is  the  hybrid  form  that  is  proving  most  successful. 
It  has  the  cone  characters  of  P.  muricata,  but  the  stature  and  habit 
of  P.  remorata. 

(2)  The  two  populations  hybridize,  but  the  hybrids  are  only  present 
as  a  minor  constituent  of  the  combined  population.  The  two  parent 
types  have  diverged  in  their  ecological  requirements  and  so  are  able  to 
survive  in  the  same  zone  as  each  other  without  direct  competition.  The 
hybrid  zone  is  often  wide. 

Some  disagreement  exists  as  to  the  exact  criterion  which  should  be 
taken  to  indicate  specific  differentiation.  All  biologists  would  agree 
that  the  topodemes  of  case  (1)  were  no  more  than  subspecies,  but  there 
would  be  divided  opinion  as  to  the  status  of  the  demes  in  case  (2). 

In  this  connection  there  seems  much  in  favour  of  the  views  recently 
expressed  by  Valentine  and  others  (see  Lousley,  1950).  He  has  shown 
that,  in  a  number  of  cases,  pairs  of  closely  related  species  of  plants  are 
able  to  maintain  their  identity  in  a  region  of  overlap,  despite  the  fact 
that  they  produce  in  nature  moderately  fertile  hybrids.  In  other 
cases  the  pair  of  related  forms  tends  to  fuse  into  a  single  polymorphic 
population.  The  former  condition  Valentine  would  regard  as  evidence 
of  specific  distinction.  In  the  latter  case  the  two  forms  would  be 
considered  as  infraspecific. 

The  behaviour  of  geographical  subspecies  which  overlap  allows  the 
proposal  of  a  “  Law  ”  which  can  be  used  in  palaeontology  to  evaluate 
the  standing  of  species  and  subspecies  ;  thus  : — 

two  subspecies  of  one  species  cannot  co-exist  in  the  same  bed  at  the 

same  place  unless  accompanied  by  a  hybrid  population  of  great  variety. 
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Certain  phylogenetic  schemes  which  in  the  past  have  been  proposed 
on  the  basis  of  palaeontological  data  do  not  agree  well  with  this 
“  law  Thus  Brinkmann’s  (1929)  analysis  of  Kosmoceras  from  the 
Oxford  Clay  of  Peterborough  led  him  to  propose  that  phylogenetic 
dichotomy  (cladogenesis)  had  taken  place  several  times  in  the  lineage, 
with  the  co-existence  in  the  one  area  of  both  the  consequent  branches. 
For  example,  K.  castor  according  to  Brinkmann  split  to  give  both 
K.  aculeatum  and  K.  pollux,  which  lived  side  by  side.  According  to 
present  ideas  of  the  mechanism  of  speciation,  such  a  division  could 
only  take  place  through  the  medium  of  geographical  isolation.  The 
immediate  descendants  of  K.  castor  could  not  co-exist  in  the  same 
locality  without  hybridization. 

However,  Brinkmann’s  data  are  capable  of  interpretation  in  other 
ways,  particularly  when  migration  is  considered  as  a  factor  contribu¬ 
tory  to  the  variation  (see  also  Mayr,  1949,  p.  296). 

The  Chronological  Subspecies 

Speciation,  as  considered  by  neontologists,  is  always  the  result  of 
isolating  mechanisms  which  split  a  former  single  species  into  two  or  more 
discontinuous  lines.  This  process  of  splitting,  or  “  cladogenesis  ”  as 
it  has  been  termed  by  Rensch  (1947),'  is  only  one  of  the  two  major 
processes  of  evolution.  The  other,  the  gradual  and  continuous  change 
of  a  single  phyletic  line,  is  the  process  best  known  and  most  frequently 
analysed  by  the  palaeontologist  and  may  be  referred  to  as 
“  phylogenesis 

Although  the  processes  of  evolution  can  conveniently  be  classified 
under  these  two  headings  it  is  important  to  realize  that  cladogenesis 
is  always  accompanied  by  phylogenesis.  Phylogenesis  is  a  universal 
process,  never  absent,  varying  only  in  speed  and  direction.  Clado¬ 
genesis  is  an  occasional  short-lived  inteijection,  whose  results  (if 
the  isolating  processes  are  maintained)  may  be  permanent,  or  (if  the 
isolating  processes  break  down)  transient. 

Newell  (1947)  has  emphasized  that  subspeciation  of  topodemes, 
although  resulting  in  discontinuous  variation,  has  taken  place  during 
the  course  of  time  by  divergent  but  continuous  change. 

A  species  (a)  originally  spread  over  the  whole  area  (Text-fig.  1,  A) 

*  Rensch  uses  “  cladogenesis  ”  in  a  wider  sense  than  adopted  here,  to 
include  not  only  the  initial  process  of  splitting,  but  also  the  subsequent 
divergence  of  the  branches. 

*  Rensch  adopts  the  term  “anagenesis”  for  a  process  here  included 
under  the  term  phylogenesis.  “  Anagenesis  ”  was  u^  long  ago  by  Hyatt 
with  quite  a  different  meaning.  The  term  “  phylogenesis  ”  was  first  introduced 
into  die  English  language  in  1875  as  a  synonym  of  “  phylogeny  ”,  defined 
as  ”  the  evolution  of  the  race  ”.  Nowadays  phylogeny  may  be  taken  as  the 
history,  phylogenesis  as  the  process  of  such  evoluticm. 


Time 
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becomes  restricted,  through  some  geographical  barrier,  into  two 
isolated  communities  (Text-fig.  1,  B)  which  become  differentiated 
(by  continuous  divergence— phylogenesis)  into  the  subspecies  b  and  c. 
If  subsequently  the  barrier  breaks  down,  the  two  subspecies  will 
intermingle  and  lose  their  identity,  and  one  form  (</)  will  once  more  be 
established  throughout  the  range.  These  events  can  be  diagram¬ 
matized  in  a  simple  time-space  diagram  (Text-fig.  2).  If  the  two  sub- 
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Text-hg.  1. — A.  Geographical  extent  of  topodeme  a. 

B.  Restricted  geographical  extent  of  two  topodemes,  b  and 
c,  both  descendants  of  a. 

Text-hg.  2. — ^Temporary  cladogenesis.  b  and  c  are  geographical  sub¬ 
species.  a,  b,  d,  and  a,  c,  d  are  two  sequences  of  chrono¬ 
logical  subspecies. 

Text-hg.  3. — Permanent  cladogenesis.  b  and  c  are  geographical  sub¬ 
species.  After  a  lapse  of  time  they  have  given  rise  respectively 
to  w  and  y,  which  are  specifically  distinct. 


species  persist  in  an  isolated  condition  for  a  sufficient  length  of  time, 
divergence  will  continue,  so  that  if  the  barrier  now  breaks  down  they 
can  invade  each  other’s  territory  without  losing  their  identity  (Text- 
fig.  3).  Speciation  has  taken  place  through  the  process  of  cladogenesis. 
In  these  examples  the  series  o,  b,  d,  and  a,c,d',  w,  x,  and  y,  z  are  chrono¬ 
logical  subspecies,  b  and  c  are  geographical  subspecies,  but  x  and  z 
are  distinct  species.  The  differentiation  of  geographical  and  chrono¬ 
logical  subspecies  is  the  result  of  the  same  processes  and  in  fact  they 
cannot  be  told  apart. 


The  Subspecies  in  Palaeontology 


93 


The  two  lines  of  evolution  illustrated  by  Text-fig.  3,a-*-b  —  w  -»-x 
and  a  -^c  — y  -*z  are  two  gentes,  and  the  chronological  subspecies 
are  transients  ^  (=  “  mutations  ”  Waagen,  non  de  Vries).  But  between 
b  and  w  and  between  c  and  y  speciation  has  occurred.  The  only  test 
of  the  exact  position  where  this  has  occurred  would  be  to  examine  by 
experiment  (at  successive  intervals)  whether  or  no  the  two  topodemes 
would  interbreed  if  the  barrier  were  removed.  Such  an  experiment 
being  impossible,  an  arbitrary  horizon  must  be  chosen,  which  will  most 
conveniently  be  located  at  any  discoverable  break  in  the  continuity 
of  the  palaeontological  record. 


Text-ho.  4. — Permanent  cladogenesis.  Text-fig.  3  redrawn  as  a  time- 
variation  diagram. 

In  the  ideal  hypothetical  case  so  far  considered  it  has  been  assumed 
that  the  two  gentes  have  diverged  from  their  parent  stocks  at  an 
equal  rate.  If  Text-fig.  3  be  redrawn  as  a  time-variation  diagram 
we  get  Text-fig.  4,  where  the  cross-hatched  area  represents  the  potential 
interbreeding  capacity  of  b  and  c.  It  will  be  noted  that  the  chronological 
subspecies  indicated  by  the  letters  a,  b,  c;  w,  x,  and  y,  z,  are  purely 
arbitrary  divisions  of  a  continuous  series  of  transients.  Text-fig.  5 
illustrates  what  appears  to  be  a  much  more  common  case  in  nature 
when  one  of  the  topodemes  diverges  more  rapidly  than  the  other. 
If  the  chronological  subspecies  be  separated  by  an  equivalent  morpho¬ 
logical  difference  they  will  be  more  closely  spread  on  the  rapidly 
diverging  branch  than  on  the  other.  In  this  diagram  the  subspecies 
a,  b,  e,f,  and  g  are  all  of  the  same  species  ;  h,  i,  and  j  cannot  be  placed 
in  the  same  species  as  c  or  ;  but  it  becomes  a  matter  of  opinion 
whether  or  no  c  or  should  be  regarded  as  within  the  same  species  as 
a.  A  suitable  arbitrary  criterion  would  be  to  look  for  the  same  degree 
of  morphological  difference  as  between  species  A  and  H,  when  the 
high  transient  d  would  be  the  first  subspecies  of  a  new  species  D. 

1  The  term  “transient”  (Bather,  1927,  p.  Ixxxvii)  has  priority  over 
“Waagenon”  (Elias,  1950). 
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Several  suggestions  have  been  put  forward  as  to  what  particular 
degree  of  morphological  change  should  be  regarded  as  a  necessary 
criterion  for  defining  specific  and  subspecific  limits.  As  far  as  subspecies 
are  concerned,  the  smallest  recognizable  change  may  prove  of  strati- 
graphical  value.  Hence  it  seems  advisable  to  choose  as  the  unit  the 
smallest  difference  that  is  statistically  significant.  As  there  are  no 
natural  boundaries  between  chronological  subspecies,  our  units  must  be 
arbitrary  and  there  seems  little  objection  to  the  use  of  the  formula 


M  ± 


where  ^  standard  derivation  of  any  convenient 


metrical  character,  M  its  mean  value,  and  N  the  largest  convenient 
random  sample  available  (compare  Burma,  1948,  p.  730). 

Although  the  distinction  between  chronological  species  is  subjective, 
that  between  geographical  species  is  not  so.  Related  species  have 
become  reproductively  isolated ;  they  can  retain  their  identity  even 
though  their  populations  mingle  when  the  geographical  barriers, 
which  initiated  their  isolation,  break  down.  Their  existence  can  be 
deduced  from  the  palaeontological  record,  for  the  demonstration  of 
statistically  discontinuous  populations  at  a  single  horizon  from  a  single 
locality  is  a  demonstration  (in  the  absence  of  dimorphism)  that  they 
are  specifically  distinct. 

It  is  inevitable  that  the  chronological  species  must  be  defined  by 
morphology.  Considerable  precision  may  be  gained  if  the  degree  of 
morphological  difference  distinguishing  the  specific  and  subspecific 
categories  is  defined  quantitatively.  Perhaps  as  useful  a  quantitative 
unit  as  any  is  that  suggested  by  Haldane  (1949,  p.  52.  See  Sylvester- 
Bradley,  1951)  where  the  range  of  the  species  is  indicated  in  terms 
of  the  standard  deviation: — 


M  ±  2<r 


Thus  in  Text-fig.  5,  if  the  width  of  the  curve  be  taken  to  represent 
a  range  of  variation  of  4a,  it  will  be  seen  that  at  the  level  of  K2  the 
two  branches  no  longer  overlap — i.e.  their  means  differ  by  more  than  4ct. 


Appucation 

A  single  fossil  specimen  can  legitimately  be  considered  in  a  number 
of  ways.  Firstly  it  is  a  member  of  a  species  and  as  such  will  bear  a 
specific  name.  Secondly  it  is  a  member  of  some  one  chronodeme  ; 
that  is  to  say,  it  is  a  member  of  a  single  population  belonging  to  a 
species  which  may  be  made  up  of  many  demes  differing  in  geographical 
extent  and  stratigraphical  horizon.  This  chronodeme  may  or  may  not 
have  been  dignified  with  the  name  of  a  subspecies.  If  it  has,  then  our 
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fossil  will  also  bear  a  subspecific  name.  Thirdly  it  is  itself  a  variety. 
It  may  well  be  the  opinion  of  a  competent  palaeontologist  that  the 
morphological  features  of  the  specimen  warrant  separating  it  as  a 
named  variety  from  other  members  of  the  same  chronodeme. 

It  is  instructive  to  apply  these  considerations  to  some  well-known 
cases  in  which  the  variation  can  be  quantitatively  assessed. 

In  Carruther’s  (1910)  work  on  Zaphrentis  delanouei  we  have  an 
excellent  example  which  may  be  analysed  to  show  what  are  here 


^ -  Vivrioition  - ^ 

Text-ho.  5. — Cladogenesis,  showing  unequal  rates  of  evolution.  Geo¬ 
graphical  isolation  is  initial^  at  K.  1.  By  K  2  the  two  branches 
have  become  genetically  incompatible  and  would  no  longer  inter¬ 
breed  to  give  fertile  offspring. 

considered  to  be  the  correct  uses  of  the  concepts  of  variety  and  sub¬ 
species  in  palaeontology.  Carruthers  examined  thirty-nine  demes 
which  may  be  ascribed  to  the  species  Z.  delanouei.  The  size  of  his 
samples  varied  between  1  and  155,  the  total  sample  (“hypodigm” 
of  Simpson,  1940)  numbering  1,124.  This  sample  was  divided  up  by 
Carruthers  into  four  morphological  varieties ;  the  localities  were 
grouped  into  four  horizons,  each  with  its  chronodeme,  as  shown 
in  Table  I. 

Any  single  specimen  of  the  hypodigm  will  bear  the  specific  name 
Zaphrentis  delanouei,  followed  by  the  varietal  trivial  name  with  the 
prefix  “  var.  ”,  There  are  also  present  certain  transients,  or  chrono¬ 
logical  subspecies,  recognized  by  the  differing  percentages  of  the  four 
morphological  varieties  as  shown  in  Table  I B. 
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Zaphrentis  delanouei 

Table  lA 

var. 

parallela 

var. 

constricta 

var. 

disjuncta 

Totals 

Millstone  Grit 

Upper  Limestone 

0 

1 

19 

20 

Group 

Lower  Limestone 

1 

51 

263 

315 

Group 

22 

474 

178 

679 

Cement-stone  Group 

1  76 

1  33 

' 

1  ^ 

1  110 

Totals 

81 

1  56 

527 

460 

1,124 

Table  IB 

Percentage  distribution 

Millstone  Grit 

Upper  Limestone 

0  , 

0 

50 

95  0 

Group 

Lower  Limestone 

0 

0-3 

16-2 

83-5 

Group 

0-7 

3-3 

69*8 

26-2 

Cement-stone  Group 

69- 1 

300 

0-9 

0 

Although  Camithers’  division  of  the  variation  into  four  groups 
gives  an  impression  of  discontinuity,  presumably  this  is  not  the  real 
state.  In  each  “  variety  ”  will  be  lumped  together  variants  which  trend 
towards  the  neighbouring  groups.  Thus  if  the  gens  is  considered  as 
continuously  variable,  points  may  be  arbitrarily  awarded  for  the 
evolutionary  stage  reached,  on  the  scale  of  0  for  the  most  primitive 
Z.  d.  var.  delanouei,  to  100  for  the  advanced  Z.  d.  var.  disjimcta.  Then 
all  variants  to  which  the  name  delanouei  s.  str.  is  applied  will  lie  between 
0  and  25,  and  so  on,  as  shown  in  Table  II. 


Table  II 


Varietal  Name 

i 

1 

“  Character  Gradient  ” 

Range 

1  Mid-point 

Z.  delanouei  var.  delanouei  .... 

0-25 

1  12-5 

1  var.  parallela  .... 

25-50 

!  37-5 

var.  constricta  .... 

50-75 

I  62-5 

var.  disjuncta  .... 

75-100 

87-5 

Such  a  statement  does  not  give  any  greater  degree  of  accuracy  to 
the  data,  but  it  does  enable  one  to  visualize  the  gens  quantitatively. 


The  Subspecies  in  Palaeontology 


97 


Now,  if  we  decide  to  name  each  subspecies  after  the  variety  which 
forms  its  mean,  a  quick  calculation  will  suffice  to  name  the  faunas  of 
the  four  horizons  as  shown  in  Table  111. 


Table  III 


Horizon  ^ 

Score  in  terms  of 
Character  Gradient 

Subspecific  Name 

i 

M  i  2au 

a 

Millstone  Grit 

86-3  ±  3  0 

6-7  ' 

Z.  delanouei  disjuncta 

Upper  Limestone  Group 

83-3  ±  M 

'  9-6  1 

Lower  Limestone  Group 

67-9  ±  1-0 

13-2 

Z.  delanouei  con- 
stricta 

Cement-stone  Group  . 

20-5  ±2-3 

12-3 

Z.  delanouei 
\  delanouei 

1 

Certain  points  now  become  obvious.  Firstly,  not  only  must  the 
faunas  from  the  Upper  Limestone  Group  and  Millstone  Grit  be 
placed  in  the  same  subspecies  (Z.  d.  disjuncta),  but,  on  the  basis  of 
Carruthers’  data,  they  cannot  be  told  apart.  That  is,  the  difference 
between  their  mean  values  is  not  statistically  significant.  Secondly, 
there  is  no  fauna  representing  the  subspecies  Z.  d.  parallela.  Presumably 
it  would  occur  at  some  horizon  between  the  Cement-stone  Group 
and  the  Lower  Limestone  Group,  if  such  were  preserved.  Specimens 
can  still  be  referred,  on  the  basis  of  their  morphology,  to  “  Z.  delanouei 
var.  parallela  ”,  but  such  specimens  form  a  variety,  not  a  subspecies. 

Although  the  quantitative  score  of  the  character  gradient  can  only 
be  regarded  as  a  rough  approximation,  it  does  give  some  idea  of  the 
extent  of  variation,  especially  in  the  case  (Lower  Limestone  Group) 
where  the  mean  does  not  fall  within  the  range  of  the  terminal  classes. 
If  we  accept  the  value  of  13  for  the  standard  deviation,  then  we  might 
expect  the  range  of  a  species  to  be  within  4(7,  i.e.  52  units  ;  it  would 
hardly  span  the  whole  hundred  units  of  our  scale.  On  this  basis  it  would 
be  permissible  to  divide  the  whole  range  of  variation  into  two  species, 
each  with  two  subspecies.  As,  however,  the  scoring  system  is  in  this 
case  arbitrary,  and  not  based  on  actual  measurements,  it  is  preferable 
to  regard  the  whole  gens  as  one  species,  divisible  into  a  number  of 
transients,  three  of  which  can  be  discriminated  in  Carruthers’  work. 
It  is  perhaps  worth  making  the  point  that  if  the  palaeontological  concept 
of  a  species  is  to  be  on  the  same  scale  as  the  neontological,  the  rank  of 
different  gentes  will  vary  with  the  circumstances.  Thus  some  gentes 
will  be  considered  as  species,  and  their  transients  as  subspecies.  In 
other  gentes  it  will  be  the  transients  that  are  given  specific  rank.  The 
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gens  must  now  become  a  super  species.  This  unit  has  already  been 
proposed  by  Mayr  (1942,  p.  169)  and  others  for  a  similar  concept  in  the 
case  of  geographical  replacement,  i.e.  when  geographical  subspecies 
have  during  the  course  of  time  become  specifically  distinct. 

The  quantitative  study  of  the  Carboniferous  non-marine  lamelli- 
branchs  provides  a  second  example.  If  an  assemblage  from  one  horizon 
can  be  shown  to  have  unimodal  variation  in  all  characters  available 
for  study,  it  is  legitimate  to  regard  it  as  a  single  deme.  All  its  members 
would  then  belong  to  a  single  species  and  indeed  to  a  single  sub¬ 
species.  Individual  variants  within  the  fauna  may  be  given  varietal 
names,  following  the  procedure  consistently  advocated  by  Trueman 
(e.g.  Trueman,  1924  :  Trueman  and  Weir,  1946)  by  using  the  prefix 
“  aff.  ”  or  “  cf.  ”  to  indicate  relationship  or  similarity  to  a  type 
specimen. 

Table  IV  lists  statistical  values  derived  from  data  given  by  Leitch 
(1940)  in  his  Table  I,^  and  refers  to  three  chronodemes  of  Anthraconaia 


Table  IV 


1.  A.  modiolaris 
(N  =  14-19) 

2.  A.  salteri 
(N  =  50-53) 

3.  A.  adamsi 
(N  =  10) 

M  ±  2ffM  1 

29-7  ±2-4 

47-9  ±  1-5 

54-1  ±  3-2 

1 

a  1 

51 

5-4 

5-0 

95  %  range* 

19-5  to  39-9 

1 

37-1  to  58-7 

44  -1  to  64-1 

d 

M  ±  2<tm 

0-787  ±  0  040 

0-627  ±  0-028 

0-576  ±0-020 

<T 

0-085 

0-101 

0-032 

1 

95  %  range* 

0-617  to  0-957 

0-425  to  0-829 

0-512  to  0-640 

M  ±  2om 

1  0-452  ±  0-030 

0-433  ±0-016 

0-539  ±0-044 

a 

0-058 

0-057 

0-070 

I 

95%  range* 

0-336  to  0-568 

0-319  to  0-547 

0-399  to  0-679 

h 

M  ±  2aM 

0-653  ±0-046 

0-535  ±0-012 

1  0-657  ±  0-052 

a 

0-101 

0-046 

1  0-083 

1 

95  %  range* 

0-451  to  0-855 

0-443  to  0-627 

0-491  to  0-823 

1  =  length  ;  h  =  height ;  d  =  distance  from  anterior  to  point  of  maximum 
downward  bulge  ;  v  =  distance  from  umbo  to  ventral  margin. 

•  95  %  range  =  M  ±  2ff. 


taken  from  three  horizons  in  ascending  sequence.  The  colunm  for 
/  is  an  index  of  size  (length  in  mm.).  The  other  columns  are  given  as 
ratios  to  the  length,  and  refer  therefore  to  shape  and  not  to  size.  The 
relationships  of  these  statistics  are  more  clearly  brought  out  in  the 

^  The  statistics  for  A.  adamsi  are  based  on  a  sample  that  cannot  be  con¬ 
sidered  “  random  ”,  for  the  data  were  derived  by  Leitch  from  figures  pub¬ 
lished  by  Hind.  They  must  be  considered,  therefore,  as  provisional  only. 
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diagram  reproduced  as  Text-fig.  6.  It  will  be  seen  from  the  columns 
showing  M  d:  that  the  means  are  significantly  different  in  all  but 

two  cases.  As  Leitch  has  demonstrated  with  great  clarity,  the  three 
communities  are  readily  separable  as  assemblages. 

However,  there  is  a  considerable  overlap  in  all  characters.  It  will 


Text-ho.  6. — Graphical  representation  of  Table  IV,  showing  range  of 
variation  of  three  subsp^ies  of  Anthraconaia  modiolaris.  Symbols 
as  in  Table  IV.  Lines  in  full  black  show  range  of  M  rb  Iom  (i>e. 
significance  of  mean).  Lines  in  outline  show  range  of  M  i:  2a 
(i.e.  9S  per  cent  variation). 

be  seen  that  so  far  as  the  shape  indices  are  concerned,  the  three  forms 
differ  by  less  than  M  ±  2a  in  every  case.  In  the  case  of  length,  A.  modio¬ 
laris  and  A.  adamsi  are  separated  by  slightly  more  than  4a,  but  A.  salteri 
bridges  the  gap,  and  overlaps  them  both.  On  the  basis  of  the  quantita¬ 
tive  limits  of  species  suggested  above  it  would  be  possible  to  claim  that 
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A.  adamsi  and  A.  modiolaris  are  specifically  distinct,  but  it  seems  doubt¬ 
ful  if  such  a  distinction  should  be  drawn  on  the  account  of  size  alone, 
influenced,  as  it  may  be,  by  environment,  and  by  sorting  after  death. 
Moreover,  it  would  then  be  necessary  to  decide  quite  arbitrarily  to 
which  “  species  ”  the  intermediate  transient  A.  salteri  should  be 
assigned.  It  would  seem,  therefore,  that  all  three  forms  can  be  regarded 
as  chronological  subspecies  of  a  single  species,  a  conclusion  which  is 
in  effect  a  compromise  between  the  views  of  Wright  and  Leitch.  The 
nomenclature  would  thus  read  : — 

A.  modiolaris  modiolaris 
A.  modiolaris  salteri 
A.  modiolaris  adamsi 

Within  each  subspecies  variants  would  exist  trending  towards  the 
other.  Thus  a  fauna  collectively  named  A.  salteri  ^  might  well  contain, 
in  addition  to  var.  salteri,  both  var.  modiolaris  and  var.  adamsi,  and 
other  varieties  indicated  by  the  prefixes  aff.  and  cf. 

The  analysis  of  the  variation  presented  in  Text-fig.  6  shows  that 
progressive  evolution  within  the  gens  cannot  be  postulated  for  all 
characters.  Thus  though  progressive  tendencies  are  apparent  in  length 
and  the  ratio  d:  I,  no  such  tendency  can  be  claimed  for  v  :  /  (where 
A.  salteri  and  A.  modiolaris  show  no  significant  difference),  or  for 
h  ;  /  (where  A.  adamsi  and  A.  modiolaris  show  no  significant  difference). 
This  absence  of  evolutionary  direction  throws  doubt  on  the  simplicity 
of  the  phylogeny  suggested. 

Nomenclature  of  Infraspecific  Forms 

As  stated  above,  the  only  infraspecific  form  recognized  by  the 
present  Rules  of  Zoological  Nomenclature  is  the  subspecies,  but  this 
state  of  affairs  will  not  last  much  longer.  At  the  International  Congress 
of  Zoology  held  in  Paris  in  1948  a  memorandum  was  presented  to  the 
International  Commission  on  Zoological  Nomenclature  by  the  Secre¬ 
tary  to  the  Commission,  the  recommendations  of  which  are  likely 
to  be  incorporated  in  the  revised  Rules  (Hemming,  1950),  when 
new  names  proposed  for  infraspecific  forms  will,  as  from  a  certain 
date  (1st  January,  1951,  is  suggested  by  Hemming),  be  divided  into 
two  categories  : — 

(a)  Subspecies "  defined  as  in  this  paper,  and  applied  to  whole 
populations. 

^  A  trinomial  nomenclature,  while  it  clarifies  the  biological  situation, 
is  clumsy  in  stratigraphical  use.  As  species  and  subspecies  are,  for  the  purpose 
of  nomenclature,  of  equal  status,  there  can  be  no  objection  to  the  stratigrapher 
omitting  the  specific  trivial  name  when  using  the  subspecies  as  an  horizon 
marker. 
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(6)  “  Infrasubspecific  forms  ”  defined  as  any  form  of  a  species  other 
than  a  subspecies,  and  therefore  including  the  morphological  variety 
discussed  in  this  paper.  The  name  of  such  a  form  is  to  be  distinguished 
by  the  insertion  of  a  comma  and  a  prefix  between  specific  and  infra- 
subspecific  trivial  names. 

The  subspecific  trivial  name  is  to  rank  for  nomenclatorial  purposes 
as  of  equal  status  with  a  specific  trivial  name.  Thus  it  will  be  subject 
to  the  same  rules  of  priority  and  homonymy.  On  the  other  hand  infra¬ 
subspecific  trivial  names  are  to  occupy  a  new  category  classed  apart 
from  the  higher  categories.  Names  first  erected  for  infrasubspecific 
forms  will  not  be  available  with  their  original  authorship  and  date  of 
publication  if  elevated  to  subspecific  or  specific  rank  ;  they  will  take 
priority  from  the  date  of  elevation  and  will  be  attributed  to  the  author 
who  so  elevated  them. 

As  soon  as  these  rules  come  into  operation,  therefore,  it  will  be 
essential  for  palaeontologists  to  indicate  clearly  whether  new  infra¬ 
specific  names  are  intended  to  apply  to  whole  populations,  and  so  be 
classed  as  subspecific,  or  whether  they  are  intended  as  a  morphological 
group  of  infra-subspecific  rank. 
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The  Production  of  Amphibolic  and  other  Skam  Rocks 
from  Limestone  at  Cor,  Co.  Donegal 

By  Amin  Gindy 
Abstract 

Diopside-skarns,  epidote-skarns,  and  gamet-skams  together  with 
very  coarse  amphibole-rocks  are  produced  at  the  contact  of  lime¬ 
stone  and  epidiorite  by  diffusion  of  trondhjemitic  material  along  the 
contact.  The  amphibole-rocks  are  unusual  types,  for  the  formation 
of  which  material  may  have  been  drawn  from  the  epidiorite  side 
of  the  contact. 

Introduction 

A  DETAILED  survey  of  the  area  occupying  the  centre  of  Sheet  15 
(Donegal)  of  the  1  in.  series  of  the  Geological  Survey  of  Ireland 
(1890)  has  recently  been  carried  out.  The  Dalradian  country-rocks  are 
composed  of  a  thick  series  of  metamorphosed  sediments  ranging  from 
quartzites,  psammites,  semipelites,  pelites  to  limestones  and  dolomites, 
together  with  intercalated  old  basic  intrusions  now  represented  by 
epidiorites  and  hornblende-schists.  The  granite  of  the  area  has  now 
been  shown  to  be  clearly  divisible  into  at  least  two  main  types :  Old 
Granites  of  migmatitic  replacive  origin  and  New  Granites  of  anatectic 
or  magmatic  origin.  At  Cor,  on  the  northern  side  of  the  mouth 
of  the  Gweebarra  River,  the  metamorphosed  limestones  on  and 
near  the  estuary  show  a  remarkable  association  of  variable  skam 
assemblages  that  do  not  occur  elsewhere  in  the  area  studied.  It  is  the 
purpose  of  this  paper  to  describe  and  discuss  the  Cor  occurrences. 

The  geological  relationships  of  the  rocks  of  the  Cor  district  are  given 
in  Text-fig.  1.  The  metamorphosed  sedimentary  rocks  of  the  Dalradian, 
together  with  their  epidiorites,  are  veined  by  trondhjemitic  material, 
which  is  an  early  manifestation  of  the  Older  Granite  migmatization 
recorded  not  far  to  the  east  and  north-east  of  the  Cor  localities. 

The  Cor  Epidiorite  Mass 

The  most  prominent  rock  at  Cor  is  a  large  epidiorite  mass, 
unquestionably  of  igneous  origin,  but  now  metamorphosed.  The 
original  rock  was  most  probably  a  gabbro.  In  thin  section  it  still 
shows  a  typical  ophitic  texture.  Plagioclase  laths  are  mostly  clear 
and  at  least  as  basic  as  basic  andesine.  The  original  porphyritic  mafic 
minerals  (up  to  7  mm.  in  diameter)  are  now  replaced  by  a  multitude 
of  small  crystals  of  greenish  amphibole  which  usually  tends  to  preserve 
the  outline  of  the  original  pyroxene,  clear  relics  of  which  can  sometimes 
be  observed.  The  amphibole  itself  is  of  variable  composition  and 
possibly  of  different  generations.  The  central  core  of  the  amphibole 
(>seudomorphs  is  of  a  pale  green  “  uralitic  ”  material  and  is  surrounded 
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by  deeply  coloured  actinolitic  hornblende.  Iron  ore,  as  dust  or  granules, 
is  sparingly  present  in  the  cores  but  is  much  more  abundant  in  the 
outer  zone,  especially  at  its  contact  with  the  core.  Accessory  com¬ 
ponents  include  chlorite  and  biotite  that  replace  the  amphiboles. 
In  sheared  varieties,  biotite,  epidote,  and  quartz  are  present  along  local 
structures,  the  last  named  mineral  being  especially  abundant  in  nests 
that  may  be  of  late  hydrothermal  origin. 

In  some  parts  of  this  epidiorite  mass  (e.g.  at  H  in  Text-fig.  1)  the 


Text-hg.  1. — Sketch-map  and  section  of  the  Cor  district.  Semipelite  and 
pelite  bands  are  densely  dotted,  quartzites  sparsely  dotted,  lime¬ 
stones,  etc.,  are  mark^  with  small  crosses,  old  basic  igneous 
intrusions  are  vertically  lined  and  coarse  amphibolic  skams  are  solid 
black.  Unexposed  ground  is  blank.  Unexposed  boundaries  of  the 
large  igneous  mass  are  shown  by  a  discontinuous  line.  A,  B,  C, 
etc.,  refer  to  localities  mentioned  in  the  text. 

usual  rock  is  in  contact  with  much  coarser,  practically  monomineralic, 
hornblende-rocks  formed  of  interlocking  blades  of  amphibole  reaching 
a  centimetre  in  length.  In  thin  section  the  amphibole  is  seen  to  be 
in  parts  homblendic,  actinolitic,  or  tremolitic.  The  polygonal  spaces 
between  the  amphiboles  are  occupied  by  very  subordinate  saussuritized 
plagioclase.  Besides  iron  ore,  the  scanty  accessories  include  uralite, 
chlorite,  antigorite,  and  calcite.  In  the  writer’s  opinion,  these  exposures 
throw  little  light  on  the  origin  of  the  coarse  amphibole-rocks.  Similar 
rocks  described  in  later  pages  from  other  near  localities  are  found 
under  conditions  that  enable  conclusions  to  be  drawn  concerning  their 
genesis. 
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The  main  basic  mass  has  an  outline  and  held  relations  that  do  not 
disagree  with  a  small  laccolithic  form.  Along  almost  all  its  exposed 
border  sedimentary  rocks  can  be  found  underlying  it,  but  no  roof 
rocks  are  to  be  observed  and  the  mass  might  therefore  have  been 
thicker  than  at  present  exposed.  The  border  relations  are  briefly 
these:  at  A,  near  the  border  of  the  body,  a  rather  large  inclusion  of 
semipelitic  rock,  like  that  occurring  immediately  to  the  east,  appears 
to  be  caught  up  in  the  igneous  rock ;  at  £  it  can  be  clearly  observed 
that  the  epidiorite  mass  is  resting  on  flat  or  gently  undulating  siliceous 
rocks  with  intercalated  bands  of  semipelitic  material,  some  of  which 
appear  to  be  felspathized ;  at  C  a  newly-cut  cart-track  shows  clearly 
that  the  epidiorite  is  separated  from  underlying  limestones  by  a  flat 
dislocation  that  also  affects  the  late  pegmatites  of  the  Older  Granite 
mentioned  later;  at  D  the  epidiorite  overlies  the  same  limestone. 

The  group  of  exposures  so  far  mentioned  are  separated  from  others 
occurring  on  the  shore  of  the  Gweebarra  estuary  by  drift-covered 
ground,  but  it  is  clear  that  the  limestone  seen  in  these  latter  exposures 
£,  F,  and  G  is  the  same  as  that  exposed  at  C  and  D.  Everywhere  the 
limestone  is  flat  or  gently  undulating.  Whereas  the  limestone  in  the 
northern  exposures  is  not  much  modified,  that  exposed  on  the 
Gweebarra  shore  has  undergone  great  changes  that  are  described  in 
detail  below.  From  the  field-relations  it  becomes  clear  that  the 
epidiorite  body  has  a  base  not  strictly  concordant  with  the  sediments 
but  gently  transgressive  to  them  from  the  siliceous  rocks  on  the  north 
to  the  limestones  on  the  south  and  west. 

The  epidiorite  is  traversed  by  a  few  well-defined  granitic  and 
trondhjemitic  intrusions  known  from  the  regional  study  to  belong  to 
the  early  stage  of  Older  Granite  activity ;  no  evidence  for  soaking  or 
diffuse  penetration  by  granitic  material  into  the  epidiorite  is  forth¬ 
coming.  The  effects  of  the  granitic  dykes  on  the  epidiorite  are  negligible, 
though  large  idiomorphic  hornblendes  are  found  in  some  thin  oligo- 
clasic  veins,  a  circumstance  due  to  the  contamination  of  the  vein 
material  while  being  injected  along  old  joint  planes  in  the  basic  rock. 
In  marked  contrast,  the  limestones  of  the  shore  exposures  exhibit 
a  wide  range  of  conspicuous  mineralogical  changes  but  show  no 
discrete  granitic  veining — the  acid  material  is  diffuse  in  them.  The  late 
pegmatite  dyke  swarms  of  the  Older  Granite  that  cross  this  part  of 
the  country-rocks  have  no  effect  on  either  the  epidiorite  or  the 
limestone. 

The  Limestones  Bordering  the  Epidiorite 

The  progressive  changes  in  the  limestones  bordering  the  epidiorite 
can  be  presented  as  follows : — 

(a)  The  least  altered  limestone  varieties  at  C  show  in  thin  section 
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the  usual  roughly  flattened  mosaic  of  calcite  (average  grain  diameter 
of  0-6  mm.)  with  minute  intergranular  tremolite,  actinolitic  tremoiite 
with  biotite  replacements,  clinozoisite  and  tiny  diopside  granules.  The 
development  of  these  minerals  along  the  intergranular  boundaries  may 
indicate  that  they  have  been  produced  at  least  in  part  by  introduced 
material  that  replaces  the  calcite.  Some  streaks  parallel  to  the  bedding 
planes  are  richer  in  tremolitic  aggregates  than  others;  here,  too, 
clinozoisite  increases,  but  on  the  whole  calcite  remains  unquestionably 
by  far  the  dominant  mineral.  Tiny  and  rare  irregular  white  felspathic 
patches  in  the  limestone  are  seen  in  these  rocks  to  be  mosaics  of  clear 
oligoclase,  An^^-jg.  There  occur  also  dense  aggregates  of  tremolite, 
pyroxene,  and  clinozoisite,  sometimes  with  tiny  allanite  cores  and 
large  pleochroic  reddish  sphenes,  these  latter  being  absent  in  other 
parts  of  the  rock.  Thin  siliceous  bands  intercalated  in  the  limestone 
of  the  locality  are  found  to  be  made  up  of  fine  greenish  diopside  grains 
closely  packed  together  with  very  subordinate  quartz  grains;  plagio- 
clase  is  rare  in  very  small  grains,  potash  felspar  is  absent.  In  this 
mosaic  there  are  developed  large  porphyroblasts  of  mizzonitic 
scapolite  usually  free  from  inclusions.  When  scapolite  appears  there 
is  a  tendency  for  large  plates  of  colourless  epidote  and  small  elegant 
rhombs  of  sphene  to  accompany  it. 

The  limestones  at  locality  D  are  probably  on  the  same  horizon  as 
those  at  C  and  look  like  them.  Patches  of  a  fine-grained  mosaic  of 
pale  green  granular  diopsidic  pyroxene  are  associated  with  irregular 
wisps  and  disorderly  aggregates  of  colourless  tremolite  and  clinozoisite 
granules.  Around  minute  and  rare  felspathic  patches  there  are  found 
large  idiomorphic  crystals  of  colourless  pyroxene,  probably  augitic, 
and  colourless  epidote  becomes  more  abundant,  especially  in  the 
saussuritized  plagioclasc. 

Other  limestones  at  locality  D  begin  to  show  extraordinary  features. 
Along  certain  bedding  planes  there  are  developed  large  porphyroblasts 
of  green-black  homblendic  amphiboles  that  become  crowded  together. 
This  is  a  phenomenon  that  is  developed  on  a  greater  scale  in  the 
limestones  of  the  shore  exposures  which  are  now  described. 

(6)  The  much  altered  limestones  of  the  estuary  exposures  E,  F,  and 
G  comprise  a  remarkable  assemblage  of  rocks.  They  include  limestones 
such  as  those  described  above  together  with  grossular-rich  and  zoisite- 
rich  varieties  on  the  one  hand  and  very  coarse  homblendic  rocks  on 
the  other.  All  stages  of  transition  from  one  variety  to  another  are 
displayed.  Though  all  the  varieties  are  intermingled  there  is  always 
a  tendency  for  the  more  normal  limestone  to  form  a  structural  base 
for  the  more  modified  types.  In  other  words,  it  is  possible  that  the 
modified  types  occur  between  the  normal  limestones  and  the  base  of 
the  epidiorite,  though  this  is  not  actually  seen  in  the  shore  exposures. 
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PetrcxjRaphy  of  the  Modified  Limestones 

(i)  Epidote-limestones. — Varieties  of  the  limestones  in  the  estuary 
exposures  in  which  calcite  is  still  prominent  are  rather  rare;  usually 
the  limestones,  while  clearly  preserving  their  bedding  planes,  alter  into 
dense  granular  aggregates  of  colourless  zoisitic  epidote.  In  some  rocks 
the  epidote  amounts  to  as  much  as  80  per  cent  of  the  whole  rock. 
Relics  of  large  saussuritized  plagioclases  and  pyroxene  occur.  In  some 
similar  varieties  the  zoisitic  epidote  builds  more  robust  poikiloblasts 
of  very  variable  habit ;  it  is  sometimes  zoned  or  twinned  and  clearly 
replaces  the  diopsidic  pyroxene  or  the  saussuritized  plagioclase  (Abjo). 
Colourless  tremolite  and  pale  actinolite  flakes  also  develop  and  appear 
to  be  contemporaneous  with  the  epidote ;  the  amphiboles  are  accessory 
in  amount  and  sometimes  they  replace  the  pyroxene.  Qear  small 
plagioclase  (Ab^i)  is  rare  and  probably  late.  Very  rare  and  small  grains 
of  microcline  are  sometimes  observed  to  replace  the  saussurite. 
Conspicuous  sphenes  are  developed  throughout  and  once  formed 
appear  to  be  little  affected  by  later  minerals.  I^rge  quartz  grains 
probably  of  late  hydrothermal  origin,  occur  in  occasional  clusters. 

(ii)  Garnet-bearing  Varieties. — Gametiferous  rocks  occur  at  Fand  G. 
At  the  first  locality  the  garnet  forms  idiomorphic  dodecahedra  in  rocks 
similar  to  those  just  described.  The  garnets  appear  only  at  conspicuous 
bedding  planes  and  not  in  the  middles  of  the  limestone  beds,  as  if 
they  have  formed  along  channels  easily  penetrated  by  permeating 
material.  Cores  of  the  garnet  are  sieved  by  inclusions  of  diopside  and 
possibly  quartz,  but  their  thick  outer  zones  are  free  from  inclusions 
and  the  zonal  growth  is  nicely  shown  by  different  tones  of  their 
cherry-red  colour.  Their  outermost  borders  are  slightly  replaced  by 
zoisite.  In  hand  specimens  the  garnets  are  dark  brown-red  in  colour, 
about  1  cm.  in  diameter,  and  distinctly  striated  parallel  to  the 
dodecahedral  outline;  they  are,  however,  perfectly  isotropic.  Their 
refractive  index  is  about  1  -798  and,  if  they  consist  chiefly  of  grossular 
and  andradite,  they  would  have,  according  to  W.  I.  Wright  (1938)  the 
composition  of  approximately  60  per  cent  grossular  and  40  per  cent 
andradite. 

(iii)  Garnet  Skarns. — At  locality  G  compact  gamet-skams  are  present 
in  the  midst  of  coarse  pegmatitic  homblendic  rocks.  Grossular  is  here 
of  a  light  foxy-brown  colour  and  is  of  much  larger  size  than  that  just 
described.  It  carries  a  few  inclusions  of  quartz,  sphene,  and  colourless 
pyroxene  and  is  slightly  replaced  by  zoisite  threads  and  calcite  grains. 
Rare  tiny  nests,  probably  of  wollastonite,  enclose  small  grossular 
grains  from  which  they  are  apparently  developing.  Qinozoisite,  often 
with  allanite  nuclei,  is  frequent  and  the  skam  is  rich  in  late  coarse 


Amin  Gindy — 


quartzose  patches  that  tend  to  replace  and  enclose  the  pre-existing 
minerals. 

(iv)  Coarse  Homblendic  Rocks. — ^The  limestones  at  locality  E  show 
every  stage  of  their  gradual  transformation  into  coarse  homblendic 
rocks.  In  Text-fig.  2  there  are  shown  two  layers  of  limestone,  still 
calcite-bearing,  on  either  side  of  a  dark  zone  in  which  large  dark 
green  prisms  of  amphibole  have  developed.  In  the  first,  less  altered 
part,  the  assemblage  is  practically  similar  to  that  described  above  from 
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Text-fio.  2. — Calcite-limestone  in  which  bedding  is  recognizable.  In  the 
central  bands,  dark  porphyroblasts  of  hornblende  are  forming 
while  the  calcite-rich  matrix  there  changes  into  diopside-  and/or 
tremolite-skam.  Few  porphyroblasts  of  plagioclase  (white)  also 
form  in  this  part.  A  small  oligoclasic  veinlet  causes  the  formation 
of  the  replacive  minerals  along  its  boundaries. 

locality  C,  the  rock  being  rich  in  clinozoisite-epidote  replacing 
saussuritized  plagioclase  and  pyroxene.  Exquisite  sphenes  reach 
2’ 5  mm.  in  length  and  nearly  so  in  width.  Nests  of  large  pale 
actinolitic  amphiboles  occur  and  appear  as  if  they  too  replace  the 
saussuritized  plagioclase  and  pyroxene.  In  the  dark  middle  zone  of 
the  rock  shown  in  the  figure  there  is  a  different  assemblage  characterized 
by  hornblende  and  new  plagioclase.  Some  of  these  patches  look  by 
themselves  like  a  homblende-grani<£  or  diorite.  The  hornblende  is 
massive  and  sieved  only  by  few  remnants  of  plagioclase.  They  are  of 
variable  sizes,  reaching  in  cross  'section  no  less  than  6  mm.  and  are 
clearly  zoned  with  more  brownislt  cores.  They  show  Z  brownish  olive 
or  deep  olive  green,  Y  greenish  yellow,  and  X  pale  yellow.  Usually 
the  hornblende  has  a  thin  outer  rim  of  deep  green  actinolite.  The 
zoisitic  epidote  is  not  so  frequent  here  and  the  plagioclase  tends  to  be 
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less  saussuritized.  The  felspar  is  of  intermediate  andesine  composition 
and  is  occasionally  recurrently  zoned.  Pale  brown  flakes  of  biotite 
are  accessory ;  large  apatite  grains  are  abundant.  Microcline  is  either 
absent  or  present  only  in  tiny  patches  within  the  saussuritized  parts 
of  the  pla^oclase  or  as  extremely  thin  films  between  the  plagioclase 
and  the  sporadic  quartz  grains.  In  the  field  this  second  assemblage 
appears  more  closely  connected  with  permeation  channels  than  the  first, 
for  wherever  small  badly  defined  felspathic  veinlets  ramify  in  limestones 
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Text-fig.  3. — Intensification  of  the  changes  operating  in  the  rock-variety  of 
Text-fig.  2.  Large  porphyroblastic  and  poikiloblastic  amphiboles 
.  are  set  in  a  diopside-plagioclase-epidote  matrix  with  few  con¬ 
spicuous  felspathic  areas  (white).  Bedding  is  not  recognizable  in 
hand-specimen  but  is  seen  in  the  field  exposure. 


of  the  first  assemblage,  minerals  of  the  second  assemblage  immediately 
form  either  at  the  boundaries  of  the  felspathic  streaks  or  within  them. 

The  matrix  of  the  hand-specimen  shown  in  Text-fig.  3  is  formed 
chiefly  of  large  broad  plates  of  more  or  less  idiomorphic  colourless 
pyroxene  together  with  variably  saussuritized  plagioclase.  Both 
minerals,  but  especially  the  pyroxene,  are  enclosed  and  replaced  by 
giant  idioblastic  hornblendes ;  every  stage  of  this  replacement  can  be 
observed.  The  rock  is,  as  usual,  rich  in  apatite  and  sphene.  Zoisitic 
epidotes  are  present  in  the  saussurite;  biotite  is  absent.  Quartz  and 
microcline  occur  rarely  in  tiny  granules  side  by  side  in  the  saussurite 
and  are  evidently  the  latest  minerals  to  form.  The  matrix  here  still 
belongs  clearly  to  a  limestone  parentage  and  in  the  field  bedding 
planes  are  still  recognizable. 

The  hand-specimen  shown  in  Text-fig.  4  provides  the  culmination  of 
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the  changes  just  described.  All  the  pyroxene-saussurite  of  the  recogniz¬ 
able  limestone  is  replaced  by  large  crystals  of  hornblende.  Lengths  of 
10  cm.  are  reached  in  many  patches.  The  long  idiomorphic  prisms 
intersect  each  other  in  every  direction,  leaving  only  a  few  small 
polygonal  interspaces  occupied  by  white  plagioclase.  In  a  few  other 
parts  of  these  exposures,  granitic  (oligoclasic)  patches  become  larger. 
In  thin  sections  the  large  amphiboles  are  seen  in  patches  to  be  of  pale 
green  uralite-like  colour  but  dusted  with  fine  ore  granules  along 
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Text-hg.  4. — A  typical  coarse  amphibolic  skam  from  Cor.  The  rock  is  made 
almost  entirely  of  giant  hornblende  prisms  intersecting  each  other, 
with  a  few  polygonal  plagioclase  areas  (white). 


prismatic  cle^ages.  Most  of  this  dust  changes  into  fine  threads  and 
rods  of  sphene,  but  larger  grains  of  sphene,  together  with  apatite,  are 
present  in  the  matrix.  Large  rounded  relic  inclusions  originally  of 
pyroxene  occur  in  the  giant  amphibole  crystals  but  are  mostly  altered 
now  to  actinolitic  tremolite  or  uralite  without  the  separation  of  any 
ore  granules,  remaining  as  clear  rounded  patches  within  the  large 
idioblasts.  Large  plates  of  plagioclase,  entirely  replaced  by  fine 
saussurite,  with  rare  zoisitic  epidote,  occupy  the  spaces  between  the 
amphibole  crystals,  usually  one  plate  to  each  space.  Small  biotites 
(Z  pale  brown-orange)  are  present  in  subordinate  amounts  replacing 
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the  amphibole.  Not  all  the  hornblende  skams  are  as  coarse  as  that 
figured ;  the  less  coarse  varieties  have  more  plagioclase  than  the  more 
coarse  examples. 

Discussion  of  the  Coarse  Hornblendic  Rocks 

The  coarse  amphibolic  rocks  seen  in  the  estuary  exposures  are  of 
the  same  character  as  those  that  occur  in  the  main  epidiorite  body. 
The  estuary  exposures  provide,  however,  definite  evidence  that  these 
coarse  rocks  arise  chiefly  from  the  limestone  when  this  is  permeated 
by  introduced  material  that  only  rarely  appears  as  patches.  As  has 
been  said,  whether  the  other  occurrences  of  coarse  hornblendic  rocks 
in  the  main  epidiorite  mass  (e.g.  at  H)  are  to  be  interpreted  in  a  similar 
way  cannot  be  established  owing  to  the  lack  of  decisive  evidence, 
though  it  is  likely  that  they  have  formed  as  in  the  estuary  rocks. 
Grenville  Cole  (1905)  noticed  the  coarse  amphibolic  rocks  in  the  main 
epidiorite  mass  but  unfortunately  he  did  not  visit  the  exposures  on  the 
estuary.  He  ascribed  the  coarse  rocks  he  saw,  as  well  as  other 
apparently  similar  rocks  from  other  localities  in  north-west  Ireland, 
to  the  interaction  of  granite  with  the  epidiorite,  resulting  in  the 
production  of  hornblendic  rocks  coarser  than  either. 

The  present  writer  considers  that  the  two  chief  contributions  to  the 
changes  leading  to  tlie  coarse  hornblendic  rocks  are  primarily  the 
limestone  and  the  intruded  material  and  not,  as  Cole  suggested,  the 
epidiorite  and  the  granite.  It  is  possible,  however,  that  the  epidiorite 
was  concerned  in  the  operation;  there  may  have  been  a  mixed  zone 
formed  at  the  contact  of  the  igneous  basic  intrusion  and  the  underlying 
limestone,  but  evidence  for  this,  if  it  occurred,  has  been  obliterated 
by  subsequent  regional  metamorphism  and  migmatization.  Further, 
the  epidiorite  may  have  provided  material  in  the  manner  suggested 
below. 

The  amount  of  introduced  material  for  the  production  of  the 
amphibolic  rocks  must  have  been  large.  The  process  appears  at  first 
sight  to  be  a  fine  example  of  a  basic  front  operating  in  a  limestone. 
These  rocks  are,  however,  of  restricted  local  occurrence  at  an  epidiorite- 
limestone  contact  and  their  aggregate  size  is  never  substantial.  From 
the  regional  sudy  of  the  Donegal  terrain  it  is  known  that  the  earliest 
introduced  material  effective  in  the  migmatization  was  of  trondhjemitic 
composition  and  remained  conspicuously  rich  in  oligoclase.  This 
trondhjemitic  material  is  seen  to  have  diffused  actively  along  preferential 
tracks  some  of  which  are  along  the  contacts  of  contrasting  rock-types, 
such  as  those  between  quartzite  and  pelitic  or  semipelitic  rock,  an 
epidiorite  and  pelitic  or  semipelitic  rock  or,  as  at  Cor,  between 
an  epidiorite  and  limestone.  It  is  suggested  that  this  trondhjemitic 
material,  practically  fluid,  dijfused  along  the  epidiorite-limestone  contact. 
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obtaining  material  from  both.  The  epidiorite  was,  as  is  usual  in  this 
terrain,  little  affected  by  the  permeating  material  but  the  limestones 
produced  the  different  skam-types  described  above.  Most  if  not  all 
of  the  mafic  material  required  for  the  observed  changes  in  the  limestone 
near  its  border  with  the  epidiorite  could  readily  have  been  supplied  by 
the  latter  rock.  There  appears  to  be  no  need  to  call  on  deep  regional 
sources.  The  result  of  these  alterations  in  the  limestone  was  the 
production  of  the  present  abnormally  wide  range  of  varieties ;  such  as 
diopside-skams,  epidote-skams,  gamet-skams,  and  homblendic  skams 
mixed  together,  the  production  of  any  one  type  depending  perhaps  on 
quite  local  conditions.  All  these  skam-types,  except  the  homblendic 
variety,  are  frequent  elsewhere  in  the  migmatized  parts  of  the  limestones 
of  this  terrain,  but  nowhere  in  the  area  examined  were  these  diopside-, 
garnet-,  and  epidote-skams  intimately  accompanied  by  contem¬ 
poraneous  homblendic  skams.  This  circumstance  points  to  the 
significance  of  the  presence  of  a  relatively  large  epidioritic  mass 
adjacent  to  the  limestones  of  Cor. 

These  changes  must  have  occurred  during  the  period  of  the  older 
granites.  These  granites  are  mostly  oligoclasic  in  character  and 
migmatitic  in  origin.  Cole  assigned  the  changes  described  by  him  to 
the  Trusklieve  Granite  (Cole,  1905,  p.  120);  this  is  very  unlikely  to 
be  the  case  as  this  granite  belongs  to  the  potassic  and  late  New  Granites 
of  the  area  which  give  rise  to  but  feeble  and  restricted  contact  effects. 
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Atlantic  Gulfs,  Estuaries,  and  Cliffs 

By  C.  A.  Cotton  (Victoria  University  College,  Wellington) 
Abstract 

The  morvan  theory  with  slight  modification  fits  the  structure  of  the 
coasts  of  south-western  Britain  better  than  the  fault  theory  of 
Atlantic  coasts  advanced  by  Suess. 

The  English  Channel  and  St.  George's  Channel  have  been  long 
in  existence,  and  are  more  probably  of  tectonic  than  erosional 
origin. 

Erosional  deepening  of  the  valleys  which  were  drowned  by  the 
Flandrian  transgression  to  become  estuaries  must  have  taken 
place  almost  entirely  in  glacial  ages  when  the  level  of  the  ocean 
has  been  low.  The  tempo  of  coastal  erosion,  both  subaerial  and 
marine,  has  been  rather  slow,  however,  owing  to  the  great  width 
of  the  continental  shelf.  Thus  shoreline  details  survive  from  an 
interglacial  age. 

In  regions  with  a  narrower  continental  shelf,  deepening  and  also 
extensive  enlargement  of  valleys  across  coastal  lands  have  taken  place 
in  each  glacial  age  of  low  ocean  level,  and  interglacial  aggradations 
have  determined  terrace  levels  at  consistent  heights  in  the  inland 
valleys  of  large  rivers,  as  exemplified  in  Portugal. 

The  cliffs  of  Cornwall  and  Wales  show  traces  of  two  cycles  or 
marine  retrogradation  separated  by  a  withdrawal  of  the  sea.  Thus 
the  “  bevel  ”,  or  “  coastal  slope  ”  above  modem  cliffs  can  be  accoun¬ 
ted  for  as  an  ancient  sea-cliff  graded  subaerially  during  the  period 
of  low  ocean  level. 

The  Morvan  Theory 

VARIOUS  writers  have  indicated  the  probability  of  a  very  wide 
former  extension  of  Cretaceous  and  older  strata  over  the  parts 
of  western  and  south-western  Britain  in  which  Palaeozoic  and  crystalline 
rocks  of  a  former  undermass  are  now  exposed  (Jones,  1930,  p.  13; 
Greenly,  1938,  p.  117).  A  former  Mesozoic  cover  is  assumed  by 
Davis  in  his  ”  morvan  ”  scheme  of  coastal  development,  shown  in 
simplified  form  in  Text-fig.  1  (after  Davis,  1912a,  Fig.  200,  p.  503). 
According  to  Davis  (1912b,  pp.  117-8),  one  of  several  variants  he 
recognizes  of  the  ”  morvan  ”  structure  and  form 

might  be  given  a  moderately  strong  tilting  to  the  east,  north,  and  south 
when  uplift  took  place  ;  it  might  then  be  for  the  most  part  well  worn  down, 
yet  retain  a  number  of  smaller  and  larger  monadnocks  on  its  hardest 
rocks ;  it  might  next  be  broadly  uplift^  and,  in  the  cycle  thus  intro¬ 
duced,  the  resistant  undermass  .  .  .  might  be  maturely  dissected  while 
the  weak  lower  members  of  the  covering  strata  were  reduced  to  a  new 
lowland,  and  this  example  would  then  represent  the  uplands  of  Devon¬ 
shire  near  their  eastern  border,  if  to  such  a  series  of  events  we  add  a  recent 
and  slight  depression,  whereby  the  bordering  lowland  is  drowned  on 
the  north  and  south  and  the  sea  is  thus  allowed  to  attack  the  border  of  the 
maturely  dissected  hard-rock  uplands  along  the  base  of  their  stripped 
slope,  we  should  have  the  best  brief  explanatory  account  that  1  have 
been  able  to  gather  of  the  north  and  south  coasts  of  that  picturesque 
region. 

Two  major  cycles  of  denudation  are  postulated.  The  first  (Text-fig. 
1,  A)  has  resulted  in  regional  planation  across  the  hard-rock  under¬ 
mass,  while  the  second  (B)  has  been  effective  only  in  stripping  away 
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the  cover  from  coastwise  marginal  belts  of  the  morvan  structure, 
hypothetically  exposing  an  underlying  fossilized,  monoclinally  tilted 
erosion  surface  to  define  the  line  of  the  initial  coast  when  later  in  part 
submerged  (C).  Prior  to  submergence — i.e.  during  and  subsequently 
to  the  stripping  of  the  cover  from  the  flank  of  the  morvan — the 
previously  planed  surface  of  the  hard  undermass  (or  torso)  has  become 
submaturely  dissected. 

If  the  morvan  theory  is  to  be  applied  as  a  working  hypothesis  for 
explaining  early  stages  of  the  history  of  the  coasts  of  this  region  it 


Text-fig.  1 . — ^The  morvan  theory. 

A  :  Morvan  structure  truncated  by  an  upheaved  surface  of 
planation  (or  peneplanation). 

B  :  The  morvan  developed  by  differential  erosion  of  soft  covering 
strata  ;  undermass  (torso)  immaturely  dissected. 

C ;  Partial  submergence  of  the  dissected  torso,  developing 
coastal  features  like  those  of  Devon  and  Cornwall. 


seems  necessary  to  substitute  the  more  favoured  conception  of  marine 
planation  for  the  peneplanation  tacitly  assumed  by  Davis  and  claimed 
by  Sawicki  (1912).  The  most  extensive  surface  of  such  partial 
planation  is  that  recognized  by  various  workers  at  about  400  to 
430  feet.  Macar  (1936)  has  mapped  it  in  Cornwall,  and  Green  (1941) 
recognizes  it  in  a  dissected  condition  bevelling  the  covering  strata  in 
east  Devon.  Above  this,  like  islands,  stand  the  granite  masses.  Though 
these  appear  to  be  in  part  residual,  because  of  superior  resistance  to 
marine  erosion,  Jones  (1930,  p.  26)  ascribes  the  major  relief  of  the 
Devonshire  uplands  to  a  tectonic  origin,  viz.  upheaval  in  the  core  of 
a  Miocene  anticline,  which  is  consistent  with  the  morvan  theory. 
There  are  benches  on  these  uplands  which  have  been  regarded  by 
various  authors  (cf.  Macar,  1936,  pp.  162-5)  as  the  work  of  marine 
erosion,  but  if  this  was  the  case  the  planations  indicated  were  obviously 
of  much  earlier  date  than  the  initiation  of  the  existing  shore.  Most 
or  even  all  of  these  may,  moreover,  be  non-cyclic  benches  of  the  kind 
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recognized  by  Guilcher  (1950,  p.  71)  in  N.  Devon  as  cryoplanation  or 
altiplanation  terraces.  Green  (1941,  p.  50)  dates  the  great  marine 
planation  which  made  the  “  430-ft.”  platform  at  the  close  of  the 
Pliocene  or  the  beginning  of  the  Pleistocene. 

It  is  not  necessary  to  assume  that  the  period  in  which  the  marginally 
down-tilted  cover  was  stripped  away,  exposing  the  morvan  form,  was 
wholly  subsequent  to  this  planation,  or  that  this  stripping  implies  a 
cycle  of  subaerial  erosion  with  low  base-level,  as  a  too  strict  interpreta¬ 
tion  of  Davis’s  diagram  might  require.  Such  stripping  might  take 
place  at  any  time  subsequently  to  the  initiation  of  tectonic  furrows  on 
the  sites  of  adjacent  gulfs,  and  might  be  done  by  marine  erosion 
working  at  successively  lower  levels.  Davis  tentatively  equates  the 
surface  bevelling  the  cover  in  east  Devon — flanking  Dartmoor — with 
that  submerged  along  the  south  and  north  coasts;  but  this  is 
not  an  essential  part  of  the  explanation  given  of  the  initial  form 
of  the  coasts. 

Subsequently  to  the  great  planation  the  sea  has  lapped  against  the 
land  of  the  West  of  England  at  lower  levels,  cutting  benches,  one  of 
which,  assumed  to  be  the  lOO-metre  or  “  Sicilian  ”  terrace,  is  found 
by  Green  (1946,  p.  84)  to  be  sufficiently  ancient  as  compared  with 
river  development  in  Hampshire  and  Dorset  to  be  described  as  a 
“  marine  plain  ”  forming  “  the  faa;  of  the  block  from  which  the 
scenery  has  been  sculptured  ”. 

It  thus  appears  that  establishment  of  the  initial  form  of  the  existing 
shoreline  has  been  a  comparatively  modem  event,  even  though  it  may 
in  a  general  way  antedate  the  most  recent  oscillations  of  sea-level. 
Nevertheless,  the  flanks  of  the  land  masses  forming  south-western 
England  and  Wales  have  sloped  down  for  long  towards  Atlantic  gulfs 
on  the  sites  of  the  English  and  St.  George's  Channels  and  their 
oceanward  extensions. 

The  major  peneplanation  involved  in  the  production  of  the  morvan 
thus  becomes  hypothetical  and  is  pushed  back  to  the  Miocene — so  far 
back,  at  any  rate,  that  scarcely  a  relic  of  the  surface  cut  by  it  now 
survives,  all  or  nearly  all  having  been  replaced  by  Pliocene  marine 
benchings. 

To  Miocene  earth  movements  Jones  (1930,  p.  27)  ascribes  the  origin 
of  the  Bristol  Channel  and  the  general  form  of  the  land  in  Devon 
and  South  Wales  from  which  Mesozoic  cover  has  been  stripped. 
According  to  this  view  the  Miocene  folding  must  have  determined 
the  primitive  outline  of  all  the  western  land,  tectonic  initiation  of  the 
adjoining  broad  submarine  furrows,  and  the  monoclinal  down¬ 
bending  under  these  of  the  margins  of  the  covering  strata  formerly 
overlying  the  peninsula  of  Cornwall  and  Devon. 

The  morvan  theory  thus  modified  serves  better  than  the  fault  theory 
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of  Suess '  to  explain  the  initial  forms  from  which  some  at  least  of 
existing  Atlantic  outlines  have  been  developed. 

Alternative  Erosional  Hypothesis  of  Origin  of  the  Atlantic 

Gulfs 

Hollingworth  (1938)  has  shown  that  various  parts  of  southern 
Britain  have  been  benched  by  marginal  plains  of  erosion  (now  dissected) 
at  levels  so  consistent  that  any  regional  warping  in  Pliocene  or  later 
time  seems  highly  improbable.  The  restoration  by  Wooldridge  and 
Linton  (1938)  of  a  resurrected  sub-Pliocene  surface  in  south-eastern 
England,  which  is  still  horizontal,  supports  this  view;  and  it  is  fairly 
generally  accepted  as  a  fact  that  such  warping  of  late  date  as  has 
affected  western  Europe  has  been  slight  and  local.  One  is  forced 
therefore,  to  the  conclusion  that  practically  all  changes  of  base-level 
in  the  region  have  been  eustatic  in  both  Pleistocene  and  Pliocene 
times.  This  applies,  at  any  rate,  to  all  which  have  been  of  regional 
extent.  If,  therefore,  the  hypothesis  be  entertained  that  the  great 
flanking  gulfs  or  furrows — St.  George's  Channel  in  particular,  as 
Challinor  (1930,  p.  51)  has  suggested — have  been  wholly  or  partly 
formed  by  river  erosion,  and  if,  incidentally,  the  valleys  draining 
towards  them  which  are  now  drowned  to  form  estuaries  were  already 
in  existence  prior  to  Pleistocene  glacio-eustatic  withdrawals  of  the  sea, 
a  great  eustatic  lowering  of  sea-level  in  the  Pliocene  must  be  postulated 
to  account  for  their  excavation — a  lowering  which  must  have  been 
anterior  to  the  Pliocene  marine  benchings.  Baulig  (1928;  1935; 
1948,  p.  101)  and  others  find  evidence  of  the  existence  in  various 
presumably  stable  parts  of  Europe  of  Mio-Pliocene  and  Pliocene 
peneplains  graded  to  ocean  levels  about  380,  280,  and  180  metres 
respectively  above  that  of  the  present  day,^  the  last  being  apparently 
that  of  the  stage  in  which  the  Pliocene  upland  surface  recognized  by 
Wooldridge  and  Linton  was  planed.  To  account  for  these  Baulig 
postulates  successive  lowerings  of  the  surface  of  the  ocean,  each  at 
the  end  of  a  long  period  of  standstill  and  stability.  Modern  estimates 
of  Pliocene  time  make  possible  an  allowance  of  millions  of  years  for 
each  such  standstill.  Though  a  certain  amount  of  oscillation  could 
probably  be  allowed  for  in  this  scheme  of  things,  there  seems  no  place 


*  “  .  .  .  Jagged  rias  coasts  which  indicate  the  subsidence  of  mountain 
chains,  fractur^  margins  of  horsts  .  .  .  form  the  .  .  .  boundary  of  the 
Atlantic  Ocean”  (Suess,  1906,  p.  203). 

*  But  not  in  the  contrastingly  mobile  South  Italian-East  Mediterranean 
region.  Migliorini  (1949,  p.  41)  records  the  presence  on  the  flat  top  of  the 
Maddalena  horst,  in  the  southern  Apennines,  of  an  erosion  surface  emerging 
from  beneath  marine  Pliocene  cover  at  the  altitude  of  1,150  metres.  In 
southern  Italy,  which  was  flat,  low-lying,  and  at  least  partly  submerged 
in  the  Pliocene,  relief  began  to  develop  only  towards  the  end  of  that  period. 
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in  it  for  a  lengthy  intra-Pliocene  epoch  of  greatly  lowered  ocean  level. 
If  such  there  was,  however,  Baulig  (1928,  p.  521)  could  explain  it  by 
the  formula:  “  Eustatic  evolution  of  the  stable  continental  regions  is 
essentially  governed  by  intermittent  deformation  of  unstable  regions 
either  continental  or  oceanic.”  Stearns  (1945)  finds  some  indications 
of  low  as  well  as  high  ocean  levels,  and  believes  that  these  can  be 
accounted  for  by  a  hypothesis  of  Pliocene  basaltic  volcanicity  on  a 
prodigious  ^le  in  the  Pacific  basin.  It  can  be  argued  that  such 
activity  might  first,  by  withdrawing  magma  from  beneath  a  flexible 
floor  and  extruding  it  to  build  emergent  volcanoes  of  vast  size,  so 
increase  the  capacity  of  the  basin  that  the  ocean  level  would  be 
lowered,  though  isostatic  sinking  of  the  islands  so  formed  would  later 
reverse  the  effect  (Cotton,  1948). 

The  theory  of  a  low  Pliocene  base-level  allowing  erosional  excavation 
of  the  furrows  forming  marginal  British  seas  is  no  more  than  a  working 
hypothesis  of  rather  doubtful  value,  and  that  of  tectonic  origin  earlier 
suggested  seems  preferable.  In  view,  however,  of  the  evidence  of 
late-Tertiary  stability  of  the  region,  such  origin  must  be  dated  not 
later  than  the  recognized  Miocene  period  of  folding.  There  seems  to 
be  no  definite  evidence  that  the  sea  ever,  prior  to  the  glacial  ages, 
withdrew  from  the  coasts  so  as  to  lower  the  base-level  and  stimulate 
the  erosion  below  present  sea-level  of  valleys  now  drowned  as  estuaries. 
This  is  consistent  with  the  view  of  Green,  as  already  noted,  that  the 
erosional  relief  of  the  land  is  largely  of  Pleistocene  development  on 
the  Channel  coast. 

There  is  probably  no  coastal  belt  anywhere  in  which  the  larger 
valleys  of  even  the  late  Pliocene  were  at  all  like  those  of  to-day,  though 
the  same  cannot  be  said  of  all  smaller  and  headwater  valleys,  especially 
in  hard-rock  terrains.  Green  (1949)  has  identified  features  of  the 
valleys  of  Dartmoor  as  graded  to  various  Pliocene  sea-levels ;  and  the 
upper  reaches  of  streams  of  the  Towy  system,  in  Wales,  are  graded 
to  a  base-level  high  enough  to  be  pre-Sicilian  (Jones,  1924,  p.  595). 

Low  Pleistocene  Base-levels  and  their  Results 
Continental  Shelf  Wide 

Terraces  of  post-Sicilian  ages  in  the  valleys  of  southern  England 
(studied  by  Green,  1946a;  1946b;  1950)  are  relics  of  valley  floors  of 
rivers  graded  accordantly  with  various  Pleistocene  sea-levels.  At 
certain  times  when  aggradation  took  place  and  thick  gravel  deposits 
accumulated  the  rivers  apparently  entered  the  sea  at  the  heads  of 
estuaries  in  which  deltas  were  formed  (1950,  p.  53).  (Compare  the 
history  of  the  Meuse  and  Rhine  as  interpreted  by  Mile  Lefevre,  1935, 
pp.  18,  70.)  Only  late  Pleistocene  terraces,  however,  have  as  yet 
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furnished  such  evidence  of  a  Channel  shoreline  already  embayed  by 
the  drowning  of  valleys. 

Few  estimates  have  been  published  of  the  extent  of  the  lowerings 
of  ocean  level  during  the  pre-Wurm  glacierizations,  but  current  views 
as  to  the  mildness  of  climate  in  interglacial  ages  and  the  great  extent 
of  early  glacierizations  (Zeuner,  1945,  p.  54)  require  that  the  amplitudes 
of  sea-level  oscillations  must  have  been  at  least  as  great  as  that  of 
the  Flandrian  transgression,  which  is  generally  assumed  to  be  about 
300  feet. 

Since  the  Sicilian  age  the  English  Channel  has  been  shallowed  some 
300  feet  by  a  progressive  eustatic  emergence  (Zeuner,  1945,  p.  250), 
except,  of  course,  in  so  far  as  parts  of  the  sea-floor  bordering  the 
coasts  have  been  abraded  by  marine  erosion,  and  so  deepened 
relatively,  at  times  when  the  sea  has  been  high,  and  axial  parts  have 
been  eroded  by  rivers  in  glacial  ages  of  low  ocean  level.  Even  if  the 
depth  at  the  present  day  along  the  axis  of  the  Channel  owes  little  to 
erosional  excavation,  the  sea-floor  gradient  (beyond  an  inshore  strip 
kept  relatively  steep  by  the  littoral  abrasional  grading  process)  must 
always  have  been  very  gentle,  as  it  is  now. 

In  the  Wiirm  age  at  least,  if  not  also  during  earlier  glacierizations, 
the  sea  must  have  receded  so  far  that  the  coastal  plain  exposed  by  its 
withdrawal  would  be  quite  50  miles  wide.  However  easily  eroded  the 
sediment  or  rock  underlying  this  surface  might  be,  the  small  rivers  of 
southern  England  when  extended  across  it  would  clearly  have  gradients 
far  too  weak  to  stimulate  their  entrenchment  in  valleys  which  might 
develop  headward  along  their  courses  (Text-fig.  2,  B).  Thus,  there 
could  be  no  rejuvenation  of  valleys  back  into  the  hinterland  except 
what  little  might  result  possibly  from  headward  erosion  of  mere 
shallow  gutters  developed  where  extended  streams  spilled  out  of  infilled 
bays  so  as  to  run  down  the  slope  of  newly  exposed  sea-floor  just 
seaward  of  the  former  shoreline  (2,  B).  On  the  Channel  coast  (at 
Bournemouth)  Green  (1949,  pp.  52-3)  reports  evidence  of  erosion 
only  to  a  depth  of  50  feet  below  present  sea-level  during  W1  glacieriza- 
tion.  This  dug  the  “  Upper  Buried  Channel  ”,  in  which  the  ‘‘  Muscliff 
Delta” — of  Aurignacian  age  (Calkin  and  Green,  1949,  p.  32) — was 
deposited  during  W1-W2  interstadial,  prior  to  the  excavation  of 
valleys  eventually  drowned.  Even  in  the  case  of  a  large  river  like  the 
Thames,  though  three  ‘‘  sunk  ”  channels  of  different  ages  are  reported, 
none  seems  to  have  been  cut  down  far  below  the  present  level  of  the 
sea  (Zeuner,  1945,  p.  130). 

The  valleys  drowned  to  form  estuaries  and  harbours  by  the  Flandrian 
transgression  on  these  coasts  cannot,  therefore,  be  very  different  from 
those  which  dried  out  during  the  Wiirm  withdrawals  of  the  sea,  except 
for  the  effects  of  periglacial  solifluction  in  the  glacial  ages.  Some  of 
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the  larger  estuaries  drowned  in  an  earlier  (pre-Wurm)  transgression 
would,  it  may  perhaps  be  assumed,  have  escaped  infilling  by  bay-head 
deltas.  Such  of  them  as  were  thus  filled,  however,  must  have  been 
since  re-excavated  to  the  extent  that  they  have  again  been  embayed 
by  the  return  of  the  sea. 

The  existence  in  either  the  Riss-WUrm  interglacial  interval  or  the 
W1-W2  interstadial  of  shoreline  intricacy  very  like  that  of  to-day  is 
proved  by  the  survival  of  the  terrace  formed  by  the  “  25-ft.”  raised 
beach.  Absence,  on  the  other  hand,  of  raised-beach  terraces  within 
the  bays  and  estuaries  which  can  be  correlated  with  earlier  (higher) 


Text-hg.  2. — Generalized  late  geological  history  of  a  coast  fringed  by  a 
very  broad  continental  shelf. 

A  :  The  coast  in  the  last  interglacial  age  (ocean-level  high). 

B  :  Shelf  exposed  as  a  coastal  plain  and  cliffs  graded  by  solifluc- 
tion  in  the  glacial  age  (ocean-level  low). 

C  and  D  :  Stages  of  coastal  development  in  the  postglacial  age 
(ocean-level  again  high,  though  lower  than  at  stage  A). 

Pleistocene  sea-levels  seems  to  indicate  that  deep  enough  valleys  had 
not  earlier  been  eroded  to  make  Mindel-Riss  or  Giinz-Mindel 
estuaries — unless,  of  course,  some  undiscovered  shoreline  features  of 
these  ages  are  buried  under  colluvial  accumulations  (Green,  1943, 
pp.  139,  140).  The  changes  in  the  forms  of  the  valleys  brought  about 
by  solifluction  during  the  Wiirm  glacierizations  (suggested  in  Text-fig. 
2,  B)  were  obviously  so  great  that  little  success  may  attend  efforts  to 
trace  embayed  coastal  outlines  of  interglacial  ages. 

Continental  Shelf  Narrow 

The  case  described  above  may  be  contrasted  with  a  commoner  one 
in  which  the  continental  shelf  is  relatively  narrow,  Feio  (1947,  p.  69) 
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notes  that  the  100-metre  isobath  is  only  20  kilometres  offshore  at  the 
mouth  of  the  Guadiana  and  12  kilometres  at  the  mouth  of  the  Tagus. 
When  rivers  as  large  as  these  have  been  extended  across  a  narrow  shelf 
exposed  as  a  coastal  plain  by  withdrawal  of  the  sea  in  a  glacial  age, 
the  gradient  of  1  in  200,  or  steeper,  would  be  sufficiently  steep  to 
cause  immediate  entrenchment,  to  be  followed  quickly  by  a  headward 
extension  of  rejuvenation  into  the  hinterland,  as  shown  in  Text-fig.  3. 
If  the  shelf  be  narrower  still,  as  it  is  now  in  parts  of  California  cited 


Text-hg.  3. — Generalized  late  geological  history  of  a  coast  fringed  by  a 
narrow  continental  shelf. 

A  :  Preglacial  (i.e.  pre-Wiimi)  condition. 

B,  C,  and  D  ;  Successive  stages  of  erosional  development  in  the 
glacial  age  (ocean-level  low). 

E :  Post^acially  drowned  coastal  outline  and  regraded  offshore 
profile. 

by  Putnam  (1937,  p.  846),  even  very  small  rivers  will  be  rejuvenated 
when  the  sea  withdraws. 

The  diagram  (Text-fig.  3)  suggests  that  during  a  single  cycle  of 
regression  and  transgression  a  narrow  (therefore  steep)  built  shelf  can 
be  cut  away  almost  entirely  (or  perhaps  entirely)  by  marine  erosion ; 
and  if  so  destroyed  it  must  be  later  restored  by  rebuilding,  if  one  may 
judge  from  the  offshore  profiles  of  existing  coasts.  There  can  be  little 
doubt  that  such  has  commonly  been  the  course  of  events.  An  indication 
of  the  fast  tempo  of  marine  erosion  in  this  case  is  given  by  the  extent 
to  which  marine  terraces,  even  with  hard-rock  basements,  are  cliffed 
in  the  current  cycle  of  marine  erosion.  Such  terraces  have  been  cut 
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back  from  the  initial  condition  of  steep  coastal  plains  (produced  by 
tectonic  emergence)  to  narrow  bench  remnants,  or  have  even  been  cut 
away  altogether  (Clapp,  1913;  Putnam,  1937,  Fig.  2,  p,  848).  There 
are  numerous  examples  on  the  coasts  of  New  Zealand  and  California 
(Putnam,  1942,  p.  740). 

Many  different  cases  may  be  imagined,  only  one  of  which  can  be 
shown  in  a  single  diagram.  Text-fig.  3  might  be  thought  of  as  not 
necessarily  presenting  the  effects  of  a  single  oscillation,  but  perhaps 
integrating  results  of  a  series  of  regression-transgression  cycles  through- 


Text-fig.  4. — Glacial-agc  rejuvenation  of  the  valley  of  a  large  river  (right) ; 
contrasted  with  contemporaneous  non-rejuvenated  condition  of  the 
valley  of  a  small  stream  (left). 


out  the  Pleistocene.  In  a  single  such  cycle,  however,  rejuvenation, 
perhaps  after  working  back  across  a  coastal  plain  (emerged  shelf)  by 
headward  erosion,  may  deepen  the  valleys  of  large  rivers  in  the 
hinterland  (Text-fig.  4,  right),  while  those  of  smaller  streams  may 
escape  rejuvenation  (Text-fig.  4,  left). 

In  such  cases  renewed  erosion  both  of  the  hinterland  by  the  larger 
rivers  and  of  the  cliffed  coast  by  the  sea  may  be  incomparably  more 
rapid  than  it  has  been  on  the  shores  of  the  English  Channel. 

The  conditions  postulated  in  Text-fig.  3,  especially  where  they  affect 
large  rivers,  favour  the  abandonment  as  distinct  terraces  of  valley-floors 
aggraded  in  interglacial  stages  after  episodes  of  rejuvenation  and  valley 
development  coinciding  with  glacialage  regressions.  Pleistocene  time 
was  ample  not  only  for  repeated  rejuvenations  of  pre-existing  valleys 
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during  successive  glacierizations  of  the  earth  but  also  for  their 
redevelopment  time  after  time  to  maturity.  This  applies  notably  to 
the  lower  valleys  of  large  rivers,  such  as  arc  now  estuaries.  The  valleys 
of  Portugal  afford  examples,  notably  that  of  the  Guadiana  (Feio, 
1947).  Inland  the  valley  is  mature  in  the  Riss  cycle,  while  nearer  the 
mouth  this  open  valley  is  trenched  by  an  inner  one  of  Wiirm  age, 
which  in  turn  is  drowned  for  most  of  its  length  by  the  Flandrian 
transgression  to  form  the  estuary  of  the  river  (Text-fig.  5).  Far  inland 
the  wide-open  valley  of  Riss  age  is  bordered  by  terrace-forming 
remnants  of  earlier  aggraded  valley-floors  accordant  with  higher 
(interglacial)  ocean  levels  which  are  marked  by  raised  beaches  near 
the  mouth  of  the  estuary  (Feio,  1947,  pp.  71  flf.). 

Such  being  the  history  of  a  river  in  a  hard-rock  terrain,  much  of 
the  course  of  the  Guadiana  being  cut  through  ancient  schists,  vigorous 
rivers  excavating  only  soft  rocks  must  have  been  able  to  open  for 
themselves  wide  valleys  like  many  of  those  invaded  by  the  Flandrian 
transgression,  even  if  erosion  had  taken  place  only  in  the  Wiirm  age 
of  low  ocean-level. 

The  question  might  be  raised  whether  it  is  justifiable  to  cite  terraced 
valleys  in  Portugal  as  examples  of  development  in  Pleistocene  cycles 
conditioned  by  glacio-eustatic  changes  of  sea-level.  Can  Portugal  be 
included  in  the  “  stable  ”  region  of  the  western  Mediterranean  and 
south-western  Europe  in  which  marine  terraces  developed  at  consistent 
levels  mark  Pleistocene  stages  (cf.  Zeuner,  1945,  pp.  231-240)?  This 
might  be  doubted  because  of  the  presence  of  fault  scarps  which  indicate 
the  occurrence  of  strong  differential  movement  at  a  not  very  distant 
date  in  this  “  pays  de  failles  recentes  ”  (P.  Birot).  Portuguese  fault 
scarps,  however,  like  the  weaker  “  accidents  ”  reported  in  Brittany 
(Meynier,  1947)  are  probably  entirely  of  pre-Pleistocene  development. 

Notwithstanding  the  disastrous  Lisbon  earthquake  of  1755  and 
a  continuing  seismicity  under  the  adjacent  ocean,  the  land  of  Portugal 
is  not  now  seismic  (Gutenberg  and  Richter,  1949,  Fig.  27),  and  no 
scarplets  marking  rejuvenation  of  faults  comparable  to  some  in  Italy 
are  reported.  The  great  2,000  ft.  fault  scarp  of  Lousa,  near  Coimbra, 
is  composite  (exagere,  of  Birot),  and  its  upper  part,  that  which  has 
not  been  revealed  by  denudation  but  is  in  the  strictest  sense  a  fault 
scarp,  is  considerably  degraded  (Ribeiro,  1949,  p.  138).  It  had  been 
dissected  by  wide-open  valleys  (since  rejuvenated)  before  the  lower, 
more  wall-like  part  of  the  feature  as  it  now  exists  was  exposed  by 
erosion,  leading  to  the  rejuvenation  mentioned  above  (fide  Professor 
Ribeiro).  Such  forms  do  not  suggest  that  earth  movements  in  Portugal, 
at  any  rate  differential  movements  on  the  Lousa  fault,  have  continued 
in  post-Pliocene  time. 

Granted  that  Portugal  has  been  stable  throughout  at  least  the  latter 
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part  of  the  Pleistocene,  the  beaches  at  49,  28-35,  and  8-12  metres 
above  present  sea-level  near  the  entrance  to  the  Guadiana  estuary 
(Feio,  1947,  p.  50)  may  be  acceptably  correlated  with  the  three  main 
interglacial  stages.  River  terraces  in  the  inland  valley  of  the  river  are 
at  levels  consistent  with  these  on  the  assumption  that  the  region  is 
not  faulted  or  warped.  The  valleys  of  the  other  large  rivers  of  Portugal 
are,  moreover,  bordered  by  similar  flights  of  terraces  (Lautensach, 
1945). 

Coastal  regions  in  general  being  dissected  by  valleys  which,  like 
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Text-fig.  5. — The  valley  of  the  Guadiana,  a  typical  Atlantic  river  of  south¬ 
west  Europe. 

Above  :  Diagram  of  the  valley  (not  to  scale).  Profile  after  Feio. 

Below  :  The  rejuvenated  and  drowned  valley  at  a  point  SO  miles 
from  the  entrance  and  12  miles  below  the  head  of  rejuvenation  of 
the  valley.  (From  a  photograph  by  Feio,  1947,  PI.  4.) 

those  of  Portugal,  have  been  enlarged  and  maturely  developed  near 
their  mouths  in  glacial  ages  (Text-fig.  3,  C),  the  Flandrian  transgression 
has  typically  produced  shores  diversified  by  estuaries  and  the  branching 
embayments  made  by  the  drowning  of  valley  systems  (Text-fig.  3,  D). 

Two-cycle  Cliffs  of  Cornwall  and  Wales 

A  pre-Wurm  age  may  be  assumed  for  some  at  least  of  the  raised 
beaches  of  North  Devon,  Wales,  and  southern  Ireland,  where  glacial 
boulder-clay  covers  them.  Records  of  the  levels  at  which  they  are 
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found  on  the  south  coast  and  in  Cornwall  (conveniently  summarized 
by  Green,  1943)  fail  to  afford  precise  information  as  to  the  stand  of 
sea-level  at  the  time  the  marine  platforms  were  cut  and  the  beaches 
were  formed  on  which  a  cover  of  “  head  ”  was  afterwards  spread  to 
make  the  existing  terrace  fringing  the  coasts  (cf.  Hanson-Lowe,  1938, 
pp.  100-2).  The  littoral  platforms  under  terraces  near  Land’s  End 
(Reid  and  Flett,  1907,  p.  3;  M.  A.  Arber,  1949,  p.  197),  which  were 
possibly  abraded  accordantly  with  lower  stands  of  the  sea  than  some 
of  the  others,  are  perhaps  referable  to  a  sea-level  10-15  feet  above 
that  of  to-day  (Arkell,  1943);  but  for  most  of  the  Channel  beaches 
Green  (1943,  p.  130)  infers  “  a  mean  sea-level  near  30  ft.  O.D.”. 

In  some  other  parts  of  the  world  shoreline  features  at  such  altitudes 
might  not  imply  great  age ;  but  these  terraces  are  covered  by  deposits 
spread  by  solifluction  in  one  or  more  of  the  WQrm  glacial  ages,  when 
sea-level  was  low,  and  so  the  underlying  marine  platform  must  have 
been  cut  in  a  previous  interglacial  age.  This  marine  stage,  dated 
Monastirian  or  Grimaldian  (Late  Monastirian  of  Zeuner),  might 
perhaps  be  first  or  even  second  interstadial,  but  Zeuner  regards  it  as 
pre-Wiirm.^  It  cannot  be  questioned,  however,  that  the  fringe  of 
deposits  since  cliffed  at  the  margin  to  make  a  terrace  was  in  existence 
long  before  the  Flandrian  return  of  the  sea  to  resume  the  task  of 
marine  erosion  in  the  vicinity  of  the  present  shoreline. 

The  terrace  fringes  many  bays,  “  runs  into  the  harbours  of  Falmouth 
and  St.  Mawes,”  and  continues  even  around  some  headlands  (Green, 
1943,  pp.  130,  132).  The  head  covering  it  is  derived  from  degradation 
of  previously  steep  cliffs  and  valley-side  slopes.  (For  a  photograph 
showing  a  cliff  thus  degraded  and  head  derived  from  it  overlying 
a  raised  beach  see  M.  A.  Arber,  1949,  pi.  6,  opp.  p.  195.)  In  Wales 
and  Ireland,  moreover,  the  raised  beach  is  overlaid  by  glacial  boulder- 
clay  (Zeuner,  1945,  pp.  112-3). 

The  development  of  this  low  terrace,  whether  it  dates  from  one  or 
several  interglacial  or  interstadial  intervals,  together  with  the  absence 
even  of  remnants  of  shoreline  features  surviving  at  higher  levels  (Green, 
1936,  p.  Ixxix)  may  be  taken  as  evidence  for  a  long  period  or  periods 
of  still-stand  at  sea-level  maxima  during  which  the  sea  attacked  the 
cdast  vigorously ;  and  its  survival  in  many  widely  separated  places  at 
consistent  levels  testifies  equally  to  stability  of  the  region  throughout 
a  subsequent  period  of  possibly  100,000  years.  For  all  this  time  there 
has  been  not  only  freedom  from  appreciable  earth  movement  but  also 

*  The  dating  is  highly  speculative.  Zeuner  (1945,  p.  250),  notwithstanding 
interstadial  peaks  on  the  Milankovitch  curve,  does  not  postulate  sufficient 
deglacierization  of  the  earth  in  W1-W2  and  W2-W3  interstadials  to  account 
for  any  shorelines,  but  would  regard  all  the  raised  beaches  as  of  pre-Wiirm 
age  and  more  than  100,000  years  old. 
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an  almost  complete  stagnation  of  the  ordinary  processes  of  erosion, 
owing  largely,  it  appears,  to  great  width  of  the  continental  shelf, 
which  has  inhibited  Pleistocene  rejuvenation. 

Even  the  marine  cyclic  development  of  considerable  parts  of  the 
coast  is  not  far  advanced.  This,  however,  is  due  to  hardness  of  the 
rocks  and  the  limited  time,  10,000  years  at  most,  since  the  sea  returned 
approximately  to  its  present  level.  Even  at  Land's  End,  exposed 
directly  to  the  attack  of  Atlantic  waves,  and  on  the  steep  and  rocky 
coast  of  Wales  cliffs  are  now  retreating  but  slowly  under  wave  attack. 
At  Land’s  End  the  cliffs  have  assumed  a  two-cycle  or  two-storied 
profile;  Davis  (1912c)  has  described  the  cliffs  as  “  freshened  The 
upper  part  (since  graded  back  to  a  much  gentler  slope  by  subaerial 
process)  once,  apparently,  descended,  steeply  no  doubt,  to  a  raised 
beach  of  interglacial  or  interstadial  age  (M.  A.  Arber,  1949,  p.  196). 
It  has  been  re-attacked  and  steepened  (freshened)  at  the  base  since 
the  last  return  of  the  sea.  This  is  essentially  the  explanation  adopted 
by  Miss  Arber  (1949),  though  her  recognition  of  a  changeover  from 
marine  cliff-cutting  to  subaerial  erosion  during  glacial-age  marine 
regression  is  not  explicitly  stated. 

She  describes  such  cliffs  as  “  bevelled  ” — the  “  bevel  ”  being  the 
more  ancient  upper  story.  Survival  or  non-survival  of  the  bevel,  she 
points  out,  depends  on  the  depth  of  retrogradation  in  the  current 
cycle,  which  is  governed  by  the  exposure  to  “  dominant  ”  wave  action. 

Challinor  (1931 ;  1948),  on  the  other  hand,  explains  the  bevel  or 
upper  cliff  quite  differently.  Terming  it  the  “coastal  slope”  (1931, 
p.  114),  he  regards  it  as  necessarily  developed  by  subaerial  erosion 
pari  passu  with  the  marine  cliff  recession  now  going  on  below  it. 
Thus,  he  does  not  recognize  any  part  of  the  upper  cliff  as  surviving 
in  a  modified  form  from  an  earlier  marine  cycle.  A  subaerial  back- 
wearing  process,  eroding  to  a  profile  convex  because  not  controlled  by 
base-level,  which  retreats  parallel  to  itself,  is  assumed  rapid  enough  to 
keep  ahead  of  marine  cliff-cutting,  notwithstanding  that  this  is  claimed 
to  be  very  rapid  (1949,  p.  214). 

The  theory  that  rapid  retrogradation  by  this  combination  of 
processes  will  perpetuate  the  composite  cliff  profile  seems,  however, 
to  be  insecurely  based,  and  a  hypothesis  of  two-cycle  origin  may  be 
preferable  in  explanation  of  the  cliffs  of  Cardiganshire  as  well  as 
those  of  Devon  and  Cornwall.  One  of  Challinor's  photographs 
(1931,  p.  7,  fig.  3;  copied  in  a  line  herewith  as  Text-fig.  6,  right) 
shows  a  bedrock  headland  beyond  a  marginally  cliffed  deposit  of 
boulder-clay,  which  covers  a  beach  of  “  preglacial  ” — i.e.  pre-Wurm — 
date  (Challinor,  1948,  p.  28),  an  association  which  suggests  that  post- 
Wurm  coastal  recession  has  been  slight.  The  profile  of  the  distant 
rock  cliff  shows  a  shoulder  presumably  of  rejuvenation,  suggesting  that 
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only  the  steep,  freshly-cut  lower  slope  is  of  recent  development,  while 
the  upper,  gentler  slope  is  the  cliff  of  interglacial  age  subaerially 
graded. 

Such  rejuvenated  cliffs  on  the  coasts  of  England  and  Wales  may  be 
compared  with  those  of  the  Riviera  di  Levante  south  of  Genoa 
(described  by  Davis,  1909,  p.  314),  which  are  freshened,  or  rejuvenated, 
by  renewed  wave-attack  (Text-fig.  6,  left).  The  cases  are  comparable 
even  if,  as  Davis  interpreted  the  coastal  history  of  the  Italian  example, 
the  subaerially  graded-back  cliffs  of  an  earlier  marine  cycle  are  really 
of  the  “  plunging  ”  kind  and  have  been  drowned  at  the  base  by 
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Text-fkj.  6. — Two-cycle  cliffs. 

Right :  View  looking  north  along  the  coast  of  Cardiganshire. 
The  near-vertical  cliff  in  the  middle  distance  is  cut  in  boulder-clay 
overlying  a  beach  of  interglacial  age.  The  more  distant  cliff,  cut  in 
bedrock,  freshens  an  ancient  cliff  (of  interglacial  age)  which  has  been 
graded  by  subaerial  agencies  to  a  gentle  slope  (Challinor's  “  coastal 
slope  ”). 

Left :  View  looking  north-west  along  cliffs  of  the  Riviera  di 
Levante,  south-east  of  Genoa  (from  a  photograph  by  W.  M.  Davis. 
i9l2c.  Fig.  21),  showing  “the  new  sea-cliff  undercutting  the  old 
one  .  .  .  Unconsumed  marine  platform  by  Nervi  in  the  distance  ”. 


differential  earth  movement  instead  of  the  Eland rian  transgression. 
They  illustrate  cliffing  at  slow  tempo  in  any  case;  for,  if  Davis  (1909, 
p.  314;  1912a,  p.  539)  was  correct  in  associating  their  last  drowning 
with  the  transverse  deformation  of  the  coast  which  has  also  upheaved 
and  exposed  the  former  sea-floor  northward  towards  Genoa,  the 
extensive  cliffing  of  this  subsequently  to  its  emergence,  which  has 
reduced  it  to  a  terrace,  indicates  considerable  lapse  of  time  since  sea 
and  land  assumed  their  present  relative  levels. 

In  Devon  and  Cornwall  truncation  of  the  valleys  of  some  small 
streams  by  cliff  retreat  (E.  A.  N.  Arber,  1911 ;  Dewey,  1916;  Macar, 
1936,  p.  161;  M.  A.  Arber,  1949,  p.  196)  might  be  cited  as  proof  of 
exceptionally  rapid  recession  of  the  cliffs;  but  such  a  theory  is 
inconsistent  with  the  fact  of  preservation  at  various  places  of  a  raised 
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beach  covered  by  head  presumably  of  glacial  age.  It  is  obvious  that 
sufficiently  rapid  coastal  retrogradation  must  eliminate  the  shortest 
seaward-flowing  streams  and  betrunk  those  of  somewhat  greater 
length,  thus  causing  their  valleys  to  “  hang  ”  unless  the  streams  have 
sufficient  energy  to  cut  down  vertically  so  as  to  keep  pace  with  the 
truncation.  Macar  (1936,  p.  162)  remarks  that  in  Cornwall,  though 
very  small  streams  are  betrunked,  some  quite  small  rivers  have  cut 
down  rapidly  enough  to  enter  the  sea  accordantly,  and  that  the  mouths 
of  others  are  even  drowned.  It  is  improbable,  however,  that  much  of 
the  linear  erosion  (vertical  corrasion)  thus  evidenced  has  taken  place 
during  or  since  the  Flandrian  rise  of  ocean  level.  In  the  hard  rocks 
of  this  region  Flandrian  erosion  has  been  slight  and  only  supplementary 
to  that  of  earlier  ages,  both  glacial  and  interglacial. 

Erosion  of  every  kind  is  necessarily  slow  on  rocks  as  hard  as  these. 
Shepard  (1948,  Fig.  39,  p.  97)  compares  photographs  of  a  hard -rock 
cliff  and  shore  near  San  Luis,  California,  taken,  SO  years  apart,  from 
the  same  point  of  view;  they  show  no  perceptible  change  in  the 
interval.  Even  the  small  amount  of  cliff  recession  necessary  to  betrunk 
the  smallest  streams  of  the  Cornish  coast  must  be  accounted  for 
mainly  by  Riss-Wurm  and  perhaps  earlier  marine  erosion. 
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Evidence  Bearing  on  the  Age  of  the  Saline  Series  in  the 
Salt  Range  of  the  Punjab 

By  A.  K.  Ghosh,  J.  Sen,  and  A.  Bose  (Calcutta) 

Abstract 

The  Pui\jab  Saline  Series  has  been  assigned  to  the  Cambrian  and 
also  to  the  Eocene.  Gee  has  described  ^Id  evidence  which  points 
to  a  Cambrian  age,  but  Sahni  has  found  microscopic  plant  and 
insect  remains  which  have  been  interpreted  as  demonstrating  an 
Eocene  age.  The  application  of  Schultze’s  technique  (also  adopt^  by 
Sahni)  to  samples  from  the  undoubted  Cambrian  rocks  of  the  Salt 
Range  has  shown  that  these  too  occasionally  contain  a  microflora 
which  includes  elements  that  are  not  so  far  known  to  be  indigenous 
to  Cambrian  rocks.  Its  occurrence  awaits  explanation. 

tn  the  Salt  Range  of  the  Punjab  the  following  succession  occurs: — 


U.  Carboniferous 

.  Talchir  Boulder  Bed 

Unconformity 

Cambrian 

.  Salt  Pseudomorph  Beds 
Magnesian  Sandstone 

Neobolus  Shales 

Purple  Sandstone  Series 
(Contact  variously  interpreted) 
Pui^b  Saline  Series 

The  Punjab  Saline  Series  has  by  some  workers  been  thought  to  be 
of  Cambrian  or  even  earlier  age,  whilst  others  have  considered  it  to 
be  of  Eocene  age,  owing  its  position  to  thrusting.  During  his  mapping 
of  the  Salt  Range,  Dr.  E.  R.  Gee  found  that  when  traced  westwards 
the  Talchir  Boulder  Bed  passes  successively  across  the  divisions  of  the 
Cambrian  and  on  to  the  Punjab  Saline  Series.  Geologists  have  taken 
this  as  a  demonstration  that  the  Saline  Series  is  of  Cambrian  age 
(Gee,  1944,  p.  303;  Coates,  1945,  p.  266).  On  the  other  hand,  the 
late  Professor  B.  Sahni  discovered  microfossils  (plant  and  insect 
remains)  in  the  Saline  Series,  and  consequently  favoured  an  Eocene 
age  (Sahni,  1945). 

Discussions  which  attempted  to  resolve  the  contradiction  did  not 
succeed  in  finding  a  solution  (Sahni,  1946,  p.  243;  Harrison,  1946, 
p.  254),  but  it  was  suggested  by  some  of  the  geologists  that  it  was 
essential  to  have  a  large  number  of  “  control  ”  analyses  from  beds 
of  imdisputed  Cambrian  age  to  investigate  the  possibility  of  some 
unsuspected  source  of  contamination.  Two  specimens  from  the 
Purple  Sandstone  examined  by  Dr.  J.  Hsu  failed  to  show  any  micro- 
fossils  (Hsu,  1946)  and  nothing  comparable  was  found  in  Gondwana 
samples  from  various  localities,  but  four  samples  from  the  Salt 
Pseudomorph  Beds  examined  by  two  of  the  present  authors  yielded 
wood  elements  of  vascular  plants,  cuticles,  spores,  and  pollen  grains 
(Ghosh  and  Bose,  1947). 
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The  investigation  has  been  extended  by  the  examination  of  samples 
from  the  Magnesian  Siandstone,  Neobolus  Shales,  and  Purple  Sand* 
stone  Series  of  the  Salt  Range,  and  from  the  Vindhyan  Beds  (Cambrian 
or  late  pre-Cambrian)  of  Bihar  and  Rajputana.  The  results  of  the 
maceration  technique  followed  by  sectioning  are  described  below. 
Every  precaution  was  taken  to  prevent  any  laboratory  contamination. 

Magnesian  Sandstone. — A  fine-textured  dolomitic  sandstone  from 
the  eastern  part  of  the  Salt  Range  (G.S.I.  No.  6292)  yielded : — 

(i)  Wood  fragments — carbonized  pieces  with  uni-  to  multi-seriate 


Fig.  1 . — A  portion  of  an  entire  wood  element  showing  simple  pits.  (  x  300.) 
Fig.  2. — A  part  of  the  hair  of  a  dermestid  larva.  ( x  300.) 

Fig.  3. — Bordered  pitted  tracheid  ;  pits  are  in  a  row  and  are  small  in  com¬ 
parison  with  the  borders.  (X  300.) 

Fig.  4. — A  cuticle  with  sinuous  walls  and  elongated  cells  and  a  stoma. 
(X  300.) 

Fig.  5. — Multiseriate  bordered  pits  with  simple  elliptical  orifices.  (  x  280.) 
Fig.  6. — Wood  element  with  broken  cells  and  pits.  ( x  760.) 

simple  pits;  pieces  of  wood  showing  pits  in  tangential  view;  wood 
elements  with  simple  pits  (Fig.  1). 

(ii)  Insect  remains — parts  of  the  hair  of  Dermestid  larvae  (Fig.  2) ; 
a  piece  of  setaegerous  chitin,  probably  of  some  Heteropteran. 

Neobolus  Shales. — A  specimen  collected  from  Kusak  Fort,  and 
containing  trilobites,  registered  as  G.S.I.  No.  K33/591  (b  and  d), 
contained : — 
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(i)  Wood  fragments — scalariform  tracheid,  fragments  of  tracheids 
with  coniferous  type  of  bordered  pit  (Fig.  3) ;  simple  pitted  fragments 
with  associated  parenchyma;  numerous  carbonized  fragments. 

(ii)  Cuticles  with  elongated  cells  and  sinuous  wall,  and  a  single 
stoma  (Fig.  4). 

(iii)  Spores. 

Purple  Sandstone. — From  G.S.l.  specimen  No.  5226,  a  fine-textured 
Purple  Sandstone  from  north  of  Chenki,  near  Jabbi,  were  obtained 
fragments  of  wood : — 

(i)  A  portion  showing  multiseriate  bordered  pits  with  orifices  which 
are  elliptical  (Fig.  5). 

(ii)  Carbonized  and  semi-carbonized  pieces  with  uni-  to  multi¬ 
seriate  small  pinhole-like  and  other  types  of  simple  pits. 

(iii)  Portions  of  two  broken  cells  with  elliptical  simple  pits  (Fig.  6), 
and  one  without  pits. 

(iv)  A  large  fragment  of  structureless  wood. 

Vindhyans. — No  microfossils  could  be  found  in  Bijaigarh  shales  from 
the  Son  valley  (Bihar)  or  in  bituminous  dolomite  from  boreholes  at 
Nagour,  Jodhpur  State. 

The  microfossils  are  few  in  comparison  with  the  large  number  of 
preparations  examined  and  appear  to  be  most  common  in  certain 
parts  of  samples.  Cuticles  and  scalariform  and  bordered  pitted  wood 
elements  characteristic  of  terrestrial  vegetation  occur  indiscriminately 
in  almost  all  the  rock  groups.  The  occurrence  of  this  microflora  in 
the  Cambrian  rocks  requires  further  extensive  work  with  Cambrian 
rocks  of  India  and  elsewhere  before  any  definite  conclusion  can  be 
arrived  at.  Further  work  is  in  progress  on  samples  obtained  from 
Professor  Sahni,  the  B.O.C.  (India  Concessions)  Ltd.,  and  the 
Geological  Survey  of  India. 

Our  thanks  are  due  to  Dr.  E.  R.  Gee  through  whom  we  were  able 
to  obtain  samples  from  the  Geological  Survey  of  India. 
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Postscript 

Since  the  communication  of  the  paper  the  authors  have  examined 
additional  specimens  from  the  Purple  Sandstone,  Neobolus  Shales, 
Magnesian  Sandstone,  and  Salt  Pseudomorph  Beds,  collected  by  the 
Burmah  Oil  Company  (some  samples  being  from  the  surface  and  some 
from  a  foot  below  the  surface),  two  specimens  of  Vindhyan  Olive 
Shales  (58/918  A  and  58/919  B)  and  a  specimen  of  Salt  Pseudomorph 
Beds  (57/285)  collected  by  the  Geological  Survey  of  India.  Specimens 
of  Neobolus  Shale  (K33/591  d)  and  Magnesian  Sandstone  (6292) 
described  in  the  paper  have  been  re-examined  for  further  corroboration. 
The  presence  of  microfragments  of  vascular  plants,  e.g.  scalariform 
tracheids,  bordered  and  simple  pitted  wood  elements,  cuticular 
structures  with  or  without  stoma,  is  evident  in  each  case. 
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Geology  of  the  Glen  Tromie  Hydro-electric  Tunnels, 
Invemess-shire 
By  J.  G.  C.  Anderson 
Abstract 

Tunnels  constructed  in  connection  with  hydro-electric  develop¬ 
ment  near  the  head  of  Glen  Tromie  cut  Moinian  granulites  and 
semi-pelitic  schists  penetrated  by  pegmatites  and  by  quartz-porphyry 
and  felsite  sills.  Drap  and  very  extensive  deposits  of  glacial  dr^  are 
also  present.  A  remarkable  feature  of  the  latter  is  the  presence  of 
hollow  chambers  well  below  the  surface  which  are  interpreted  as 
partially  collapsed  moulds  of  buried  blocks  of  ice. 

Introduction 

The  Seilich-Cuaich  extension  of  the  Grampian  Electricity  Supply 
Company  (now  incorporated  in  the  North  of  Scotland  Hydro- 
Electric  Board)  necessitated  the  construction  of  two  tunnels  (Text-fig.  1) 
to  divert  into  Loch  na  Cuaich  the  head  waters  of  the  River  Tromie, 
a  tributary  of  the  River  Spey  which  joins  the  main  stream  near 
Kingussie.  From  the  loch  a  canal  and  pipes  convey  the  water  to 
Loch  Ericht,  the  main  reservoir,  near  Dalwhinnie,  some  five  miles  to 
the  south-west.  Construction  of  the  tunnels  was  begun  in  May,  1938, 
and  completed  in  November,  1940.  Geological  records  were  compiled 
as  a  result  of  examinations  carried  out  by  the  author  while  an  officer 
of  the  Geological  Survey,  and  are  now  published  by  permission  of  the 
Director.  Thanks  are  also  due  to  Messrs.  Balfour  Beatty  and  Company 
for  providing  valuable  help  and  information  during  these  visits. 

The  more  easterly,  or  Bhran-Seilich,  tunnel  has  an  inlet  on  the 
Allt  Bhran  at  a  height  of  1,400  feet  above  O.D.  and  runs  in  a  south¬ 
westerly  direction  for  5,760  feet  to  its  outlet  at  1,388  feet  on  the  east 
side  of  a  dam  extending  Loch  an  t-Seilich  northwards  by  about  i  mile. 
This  tunnel  was  driven  entirely  from  the  south-west  end.  The  more 
westerly,  or  Seilich-Cuaich  tunnel,  starts  from  the  west  end  of  the 
dam  at  1,388  feet  and  runs  in  a  north-westerly  direction  for  6,070  feet 
to  a  point  under  the  Allt  na  Feama  (Text-fig.  1)  which  is  fed  into  it 
through  a  shaft.  Here  the  tunnel  bends  through  an  angle  of  56°  and 
continues  for  another  16,250  feet  to  an  outlet  at  1,302  feet  into  Loch 
na  Cuaich.  Its  total  length  is  thus  22,320  feet  or  nearly  4i  miles. 
This  tunnel  was  driven  from  both  ends. 

The  area  is  included  in  Sheet  64  of  the  1  inch  to  the  mile  Geological 
Map  of  Scotland  (1913),  and  a  general  account  of  the  geology  is  given 
in  the  corresponding  Sheet  Memoir  (Cunningham-Craig,  1913). 
Except  on  the  steep  slopes  immediately  east  of  Loch  na  Cuaich  and 
in  one  or  two  streams  the  solid  rocks  in  the  neighbourhood  of  the 
tunnels  are  everywhere  hidden  under  glacial  drift  and  peat. 
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Solid  Rocks 

Metamorphic  Rocks.— The  dominant  rocks  in  both  the  tunnels  are 
grey,  quartzo-felspathic  granulites  (psammitic  schists)  of  sedimentary 
origin  forming  part  of  the  Moinian  Metamorphic  Assemblage.  The 
bedding  is  well-defined,  being  brought  out  both  by  colour  bands  of 
slightly  different  composition  and  by  thin  micaceous  laminae  a  few 
inches  to  several  feet  apart.  Joints  are  also  well  marked,  mainly  at 
right  angles  to  the  bedding,  but  show  no  dominant  direction  of 
strike.  These  joints  generally  occur  several  feet  apart,  so  that  the 
granulites  frequently  break  along  the  micaceous  laminae  into  the  flaggy 
slabs  characteristic  of  most  of  the  Moinian  psammitic  schists  (cf.  the 


T6xt-Fio.  1. — Map  of  tunnels  in  the  Glen  Tromie  —  Loch  na  Cuaich  area, 

Inverness-shire. 


Struan  Flags  of  the  Blair  Atholl  region).  The  granulites  generally 
contain  a  fair  amount  of  biotite ;  by  an  increase  in  this  mineral  and 
in  muscovite  they  pass  locally  into  dark,  semi-pelitic  schists.  In  other 
places  the  granulites  contain  much  less  biotite  and  more  quartz  than 
the  average  and  are  of  a  very  light-grey  or  pinkish  colour.  In  no 
instance,  however,  is  the  proportion  of  quartz  high  enough  for  the 
rock  to  be  classified  as  quartzite. 

The  granulites  proved  harder  to  drill  than  the  semi-pelitic  schists 
but  more  material  was  removed  by  a  given  charge.  On  balance, 
therefore,  progress  in  the  portions  of  the  tunnel  where  semi-pelitic 
schists  predominate  was  slower  than  in  traversing  the  granulites. 

Throughout  the  tunnel  sections,  from  the  AUt  Bhran  to  a  point 
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a  mile  west  of  the  AUt  na  Fearaa,  the  Moinian  rocks  contain  fairly 
plentiful,  white,  lenticular  calc-silicate  bands,  up  to  3  inches  in  thick¬ 
ness,  with  dark  patches  and  streaks  of  ferro-magnesian  minerals  and 
sometimes  small  cinnamon-coloured  garnets.  Such  bands  have  been 
recorded  from  Moinian  rocks  in  several  parts  of  the  Highlands;  in 
Morar,  where  a  stratigraphical  succession  has  been  worked  out,  they 
are  said  to  be  restricted  to  a  definite  part  of  the  sequence  (Richey  and 
Kennedy,  1939,  p.  29). 

A  general  account  of  the  Moinian  rocks  of  the  Glen  Truim  and 
Gaick  districts  has  been  given  by  Cunningham-Craig  (1913,  p.  44), 
who  divided  the  schists  east  of  Loch  an  t-Seilich  and  Gaick  Lodge  into 
four  lithological  zones.  These  zones  were  not  recognized  in  the  tunnel 
sections,  where  the  different  rock-types  mentioned  above  appear  to 
occur  with  complete  irregularity  and  to  pass  upwards  and  downwards 
into  each  other. 

The  rocks  in  the  tunnels  are  for  the  most  part  moderately  inclined, 
dips  of  over  30°  having  been  observed  at  only  one  or  two  localities. 
Local  changes  in  direction  and  amount  of  dip  due  to  folding  are  shown 
in  Text-fig.  1.  In  the  restricted  tunnel  exposures  it  was  not  possible 
to  ascertain  if  large  scale  isoclinal  folding  is  present  (cf.  Cunningham- 
Craig,  1913,  p.  45),  but  no  examples  were  noted  of  small  scale  isoclinal 
folds.  It  should  also  be  placed  on  record  that  not  a  single  instance  of 
lineation  was  observed,  although  this  phenomenon  was  well  seen  in 
the  Moinian  rocks  of  the  Garry-Ericht  tunnel  14  miles  to  the  south¬ 
west  (Robertson,  1939,  p.  81). 

Pegmatites. — Pegmatites,  both  concordant  and  cross-cutting,  are 
fairly  plentiful  from  the  west  end  of  the  Cuaich-Seilich  tunnel  to 
within  a  mile  west  of  the  Allt  na  Feama,  but  at  no  locality  are  they 
very  abundant  or  more  than  a  few  feet  thick.  East  of  the  Allt  na 
Feama,  while  still  seen  at  intervals  in  both  tunnels,  they  appear  to  be 
less  plentiful,  and  thinner,  than  further  west.  The  pegmatites  are 
generally  coarse-grained,  and  consist  of  pink  felspar  (microcline), 
quartz,  and  muscovite,  with  biotite  as  a  rare  accessory. 

Sills. — Numerous  intrusions  of  acid  igneous  rock  were  cut  in  the 
tunnels.  These  are  usually  concordant  with  the  bedding  of  the  schists 
and  of  no  great  thickness ;  owing  to  the  low  dip,  however,  they  often 
occupy  a  considerable  length  of  tunnel.  The  sills  are  generally  closely 
jointed,  many  of  the  joints  being  highly  irregular,  but  some  divide 
the  rock  into  rough  columns  at  right  angles  to  the  margins  of  the 
intrusion.  Most  of  the  intrusions  are  quartz-porphyries,  but  some 
consist  of  felsite,  with  porphyritic  crystals  sparse  or  absent.  A  general 
description  of  these  rocks  based  on  the  surface  exposures  in  the  district 
has  been  given  by  Hinxman  (1913,  p.  80). 

The  sills  fall  into  two  well-defined  geographical  groups.  One  group. 
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in  which  the  intrusions  are  rather  scattered,  occurs  throughout  the 
AUt  Bhran  tunnel  and  in  the  first  2,250  feet  of  the  Seilich-Cuaich 
tunnel.  The  second  group  is  located  in  the  neighbourhood  of  the 
Allt  na  Feama.  Here,  along  2,100  feet  of  the  tunnel  section,  eleven 
sills  (for  the  sake  of  simplicity  only  nine  are  shown  on  Text-figs.  2 
and  3)  with  a  total  thickness  of  240  feet  were  noted,  the  average 
thickness  being  22  feet  and  the  maximum  40  feet.  Measured  per¬ 
pendicular  to  the  dip,  the  total  thickness  of  sills  plus  metamorphic 
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Text-hg.  2. — Geological  section  of  the  Bhran-Seilich  Tunnel  and  eastern  portion  of 

the  Seilich-Cuaich  Tunnel. 

rocks  in  this  section  of  the  tunnel  amounts  to  about  780  feet,  so  that 
the  sills  here  occupy  31  per  cent  of  the  whole  section.  One  of  the  sills 
of  this  group  was  of  service  in  providing  a  suitable  foundation  for 
a  small  dam  across  the  Allt  na  Feama  and  a  firm  lip  for  a  shaft  leading 
down  to  the  tunnel.  West  of  the  Allt  na  Feama  group  of  sills  not 
a  single  igneous  intmsion,  apart  from  pegmatites,  was  cut  in  the 
tunnel. 

In  addition  to  the  porphyries,  two  thin  intrusions  of  granite  (a  dyke 
6  feet  thick  and  a  sill  9  feet  thick)  were  cut  near  the  eastern  end  of 
the  Allt  Bhran  tunnel. 


SEILICH  -CUAICH  TUNNEL:  WESTERN  PORTION 
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Faults.— A  fair  number  of  faults  and  lines  of  crush  were  encountered 
during  the  driving  of  the  tunnels.  Some  of  these,  consisting  of  a  zone 
of  broken  and  reddened  rock  several  yards  in  breadth,  necessitated 
lining  the  tunnel.  Others  are  simple  lines  of  movement,  marked  by 
a  layer  of  clay  a  few  inches  thick;  these  have  not  been  shown  in 
Text-figs.  1,  2,  and  3.  The  majority  of  the  faults  and  crush  lines  are 
vertical  or  steeply  inclined  and  strike  in  either  a  north-north-easterly 
or  north-north-westerly  direction ;  in  no  instance  is  there  evidence  of 
the  amount  or  direction  of  displacement.  The  directions  generally 
conform,  however,  to  the  pattern  of  transcurrent  faults  in  the  Scottish 
Highlands  which  E.  M.  Anderson  (1942,  p.  98)  has  suggested  was 
produced  by  shearing  due  to  north-south  compression. 

Several  faults  occur  in  the  neighbourhood  of,  and  running  parallel 
to,  the  AUt  na  Feama  and  probably  guided  the  erosion  of  the  valley. 

Underground  Water. — The  granulites,  although  overlain  throughout 
most  of  the  tunnel  lines  by  waterlogged  deposits  of  glacial  drift  and 
peat,  contain  little  or  no  groundwater  and  in  places  are  dust-dry. 
Many  of  the  faults  and  crush  lines,  on  the  other  hand,  carry  consider¬ 
able  volumes  of  water.  Water  is  also  present  in  the  joints  of  many  of 
the  porphyry  and  felsite  sills.  The  drift  deposits  cut  by  the  tunnels 
are  very  wet.  (See  also  below.) 

Glacial  Drift 

The  construction  of  the  tunnels  throws  considerable  light  on  the 
extent  to  which  the  Loch  an  t-Seilich  and  Allt  Bhran  valleys  are  filled 
with  glacial  drift.  This  deposit  consists  of  an  unsorted  assemblage  of 
boulders,  gravel,  and  sand  with  variable  proportions  of  silt  and  clay. 
Most  of  the  material  is  of  a  very  coarse  nature,  and  sub-angular 
boulders  up  to  a  foot  or  even  a  yard  in  diameter  are  fairly  common. 
The  boulders  consist  entirely  of  local  rock-types.  Driving  the  tunnels 
through  this  type  of  deposit  gave  rise  to  engineering  and  constructional 
problems  of  great  difficulty. 

The  tunnels  east  and  west  of  the  Seilich  dam  showed  that  the 
modem  stream-bed  had  been  eroded  in  a  porphyry  and  granulite 
outcrop  forming  a  rise  on  the  floor  of  a  wider  and  more  complex 
pre-glacial  (or  possibly  inter-glacial)  valley  (Text-fig.  2),  masked  by 
drift  deposits  which  have  a  present  thickness  of  up  to  150  feet  on  the 
west  side  and  250  feet  on  the  east. 

The  tunnel  driven  northwards  from  the  Seilich  dam  to  the  Allt 
Bhran  entered  drift  deposits  at  a  distance  of  1,110  feet  from  the  inlet. 
Above  rock-head  at  the  point  where  the  tunnel  entered  the  superficial 
deposits  there  are  1  ft.  6  in.  of  loose  water-bearing  gravel,  on  top  of 
which  lie  1  ft.  3  in.  of  very  fine  clayey  sand  close-packed  and  water- 
resistant.  Overlying  this  is  the  main  body  of  drift  of  the  type  described 
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above.  A  remarkable  feature  is  the  presence  of  open  chambers  in  the 
drift,  situated  from  50-90  feet  beneath  the  surface.  Their  positions, 
in  the  order  in  which  they  were  encountered,  and  dimensions,  in  so  far 
as  these  could  be  determined,  were  as  follows: — 

Footage  from  Width  on  line  Maximum 

inlet.  of  tunnel  (ft.).  Height  (ft.). 

990-978  12  13  + 

957-948  9  12 

927-917  10  12 

290-283  7  9 

As  the  cavities  were  approached  bursts  of  water  occurred  accompanied 
by  noises  which  appeared  to  be  due  to  the  rolling  of  boulders. 

The  writer  has  not  been  able  to  trace  any  previous  record  of  similar 
cavities  in  deposits  of  this  nature,  and  their  origin  seems  to  merit  some 
discussion.  Owing  to  the  nature  of  the  rocks  they  obviously  cannot 
have  been  formed  by  solution.  The  possibility  was  entertained  that 
they  were  formed  by  the  carrying  away  of  fine  material  in  suspension 
through  the  drift  but  owing  to  the  dominantly  coarse  natiu%  of  the 
deposit  this  seems  most  unlikely,  nor  can  it  be  envisaged  how  a  current 
of  sufficient  strength  could  be  set  up.  The  writer  therefore  suggests 
that  they  mark  the  sites  of  buried  blocks  of  ice.  In  most  instances, 
as  such  blocks  melted,  the  roofs  would  collapse,  but  in  some  cases, 
particularly  with  such  a  very  coarse  deposit,  boulders  might  interlock 
like  an  arch  and  form  the  roof  of  an  open  vault.  The  chambers  might, 
in  fact,  be  termed  enclosed  kettle-holes. 
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A  Monchiquite  Vent,  Stob  a*  Ghrianain,  Inveraess-shire 


By  J.  Hartley  and  G.  P.  Leedal 
{Department  of  Geology,  University  of  Leeds) 

Abstract 

A  description  is  given  of  a  monchiquite  vent  which  cuts  Moine 
rocks  in  Inverness-shire.  I^milar  vents  considered  to  be  of  Permian 
age  are  common  in  the  Midland  Valley  of  Scotland  and  the  Orkney 
Island  but  no  example  has  yet  been  described  in  detail  from  the 
Highlands. 

Introduction 

Dykes  and  vents  of  supposed  and  proved  Permian  age  occur  over 
a  wide  area  of  Scotland  extending  from  the  Orkney  Islands  to 
the  Southern  Uplands  (Richey,  1939,  pp.  416-419).  The  dykes,  which 
are  mainly  camptonites,  monchiquites,  and  basalts,  are  common  in 
the  Midland  Valley,  particularly  Ayrshire,  and  are  associated  with 
monchiquitic  volcanic  vents  (MacGregor,  M.,  and  MacGregor,  A.  G., 
1948,  pp.  67-68,  p.  78,  and  plate  vi).  In  the  Western  Highlands 
dykes  of  the  camptonite-monchiquite  suite  are  of  widespread  occur¬ 
rence  in  the  area  extending  from  Colonsay  northwards,  but  there 
are  only  two  records  of  vents,  both  of  them  from  Inverness-shire. 
A  neck  consisting  of  agglomerate  invaded  by  nepheline  basalt  occurs 
at  Allt  Coire  na  Ba  (Bailey,  1916,  p.  214)  and  a  small  monchiquite 
vent  cuts  Moine  rocks  on  Eilean  Shona,  Loch  Moidart  (Eyles,  1923, 
p.  94  ;  MacGregor,  A.  G.,  1948,  p.  138).  In  the  Orkney  Islands  there 
are  about  200  Permian  dykes  and  several  monchiquitic  vents  cutting 
Old  Red  Sandstone  strata  (Wilson  and  others,  1935).  The  Stob  a’ 
Ghrianain  vent  is  the  first  large  Permian  vent  to  be  described  as  such 
from  the  Highlands,  though  it  was  mapped  by  the  Geological  Survey 
(Wilson,  1898,  pp.  152-3),  along  with  two  much  smaller  vents  in  the 
area,  and  considered  to  be  of  nepheline-  or  analcite-basalt,  probably 
of  Tertiary  age. 


Field  Relations 

The  position  and  field  relations  of  the  Stob  a’  Ghrianain  vent  are 
shown  in  Text-fig.  1.  It  is  situated  five  miles  N.N.W.  of  Fort  William, 
Inverness-shire  (Sheet  139,  N.W.  of  the  O.S.  6-inch  to  the  mile  map), 
and  is  intrusive  into  flaggy  psammitic  granulites  of  the  Upper  Psammitic 
Group  of  the  Moine  Series  (Richey  and  Kennedy,  1939,  p.  28).  The 
granulites,  which  are  cut  by  sheets  of  pegmatite  and  granite,  contain 
bands  of  amphibolite,  and  their  foliation  and  bedding  is  either  horizontal 
or  dips  very  gently  towards  the  south-east.  The  vent  measures  approxi¬ 
mately  400  yards  by  75  yards,  with  its  major  axis  trending  70°  E.  of  N. 
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Both  the  eastern  and  western  portions  of  the  vent  consist  mainly  of 
decomposed  monchiquite  lava,  whilst  the  centre  is  largely  made  up  of 
agglomerate.  The  agglomerate  is  composed  of  angular,  subangular, 
and  well-rounded  fragments  of  Moine  granulite  up  to  a  foot  in  length 
enclosed  in  monchiquite.  A  perfectly  spherical  bomb  of  granulite 
one  and  a  half  feet  in  diameter  occurs  near  the  centre  of  the  vent. 
Other  xenoliths  consist  of  appinite  and  sillimanite-cordierite-stauroUte- 
plagioclase  gneiss. 


.1 


Text-fig.  1. — Map  of  the  Stob  a’  Ghrianain  monchiquite  vent. 


The  north  wall  of  the  Stob  a’  Ghrianain  vent  dips  at  80°  towards 
the  south  and  the  flat  Moine  rocks  remain  undisturbed  right  up 
to  the  contact.  On  the  south-west  side  the  granulites  dip  at  high 
angles  into  the  vent  (Sections,  Text-fig.  1). 


Petrography 


In  none  of  the  sections  examined  was  the  monchiquite  lava  free 
from  either  xenocrysts  or  xenoliths,  but  the  foreign  material  was  never 
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so  highly  concentrated  as  to  make  identification  of  the  lava  itself 
impossible.  It  consists  essentially  of  small  lath-like  pyroxenes  and 
hnely-crystalline  granular  opaque  ore  set  in  an  isotropic  analcitic 
base.  Reddish  pleochroic  biotite  is  usually  a  minor  constituent,  present 
chiefly  as  euhedral  plates.  In  some  of  the  coarser  types  of  lava  the 
pyroxene  is  identifiable  as  titanaugite  and  the  rock  may  be  termed  a 
fourchite  (Knopf,  1936,  p.  1,  750).  True  phenocrysts  are  uncommon. 
They  consist  mainly  of  serpentinized  olivine  and  titanaugite.  Plagio- 
clase  is  absent  from  the  monchiquite  and  fourchite  lavas,  except  in 
occasional  segregations  where  it  occurs  as  labradorite  along  with 
augite,  and  as  rare  microliths  in  the  analcitic  base. 

Of  the  xenoliths  in  the  vent  the  most  abundant  are  psammitic 
Moine  granulites.  The  normal  granulite  in  the  vicinity  of  the  vent 
consists  largely  of  quartz  and  biotite  with  small  amounts  of  plagioclase, 
potash  feldspar,  muscovite,  and  accessory  minerals.  The  granulite 
xenoliths  do  not  show  any  marked  signs  of  alteration  apart  from  a 
complete  replacement  of  biotite  by  finely  disseminated  iron-ore.  The 
large  spherical  bomb  occurring  near  the  centre  of  the  vent  is  composed 
of  fragments  of  Moine  granulite  and  numerous  xenocrysts  of  sphene, 
in  a  dark  glassy  base  rich  in  finely  disseminated  iron-ore.  Microscopic 
xenoliths  of  granulite  are  very  common  within  the  monchiquite 
lava  and  show  all  stages  of  digestion  by  it.  Cognate  xenoliths  are 
represented  by  the  rare  occurrence  of  fragments  of  monchiquite  and 
fourchite. 

The  appinitic  xenoliths  consists  of  large,  zoned  acicular  horn¬ 
blendes  up  to  4  mm.  in  length,  albite-oiigoclase,  orthoclase,  and  a 
little  quartz,  which  occurs  in  micrographic  intergrowth  with  both 
feldspars.  Epidote  is  present  in  considerable  amount  in  some  of  the 
appinites.  In  the  sillimanite-cordierite-staurolite-plagioclase  gneiss, 
poikiloblastic  cordierite  makes  up  the  bulk  of  the  rock.  The  plagioclase 
is  bytownite.  There  is  a  considerable  amount  of  what  appears  to  be 
secondary  pyrite.  A  similar  rock  has  been  found  by  one  of  the  authors 
(J.H.)  in  the  Allt  a’  Bhaile  Gheamhraidh  about  three  miles  S.E.  of  the 
vent.  The  association  of  staurolite  with  the  other  minerals  is  abnormal. 

There  are  many  different  types  of  xenocrysts  in  the  monchiquite. 
The  most  abundant  is  quartz,  the  bulk  of  it  being  derived  from  the 
breakdown  of  Moine  granulite.  It  is  usually  mantled  by  reaction  rims 
of  pale  green  pyroxene.  Cognate  xenocrysts  comprise  :  magnetite, 
apatite,  picotite,  biotite,  pyroxene,  and  sphene.  The  magnetite  xeno¬ 
crysts  frequently  contain  rounded  apatite  crystals  up  to  0-5  mm. 
in  length.  Apatite  xenocrysts  are  usually  aggregated  into  clusters  and 
exceptionally  are  2  mm.  in  length.  They  are  frequently  clouded  by  dark 
inclusions.  Pyroxene  xenocrysts  up  to  1  cm.  in  length  have  been 
found. 
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Discussion 

The  Stob  a’  Ghrianain  vent  is  closely  similar  in  its  petrography 
to  the  monchiquite  vents  of  the  Midland  Valley  (Richey  and  others, 
1930;  'MacGregor,  A.  G.,  and  others,  1949,  pp.  103-6),  and  the 
Orkneys  (Wilson  and  others,  1935),  and  is  grouped  with  them  as  being 
part  of  the  same  igneous  episode.  In  Ayrshire  the  vents  contain  both 
igneous  and  sedimentary  xenoliths,  and  xenocrysts  of  spinel,  augite, 
hornblende,  apatite,  and  biotite,  all  of  which  occur  in  the  Stob  a’ 
Ghrianain  vent.  The  presence  of  large  apatites  seems  to  be  particularly 
characteristic  of  these  vents  (MacGregor,  A.  G.,  1939,  p.  cxviii,  and 
1949,  p.  119). 

The  origin  of  the  highly  rounded  xenoliths  of  Moine  granulite 
in  the  agglomerate  of  the  vent  calls  for  brief  discussion.  There  are  two 
possibilities ;  either  they  represent  pebbles  rounded  by  wind  or 
water  action  which  have  been  incorporated  within  the  vent,  or  they 
are  fragments  of  Moine  rounded  by  attrition  within  the  vent  during 
its  eruption.  The  Old  Red  Sandstone  conglomerates  are  the  obvious 
source  for  the  rounded  pebbles.  Such  rocks  occur  in  the  Great  Glen 
across  the  fault,  a  few  miles  north-east  of  the  vent  but  there  is  no  proof 
of  them  having  covered  it.  No  other  xenolithic  material  has  been 
found  within  the  vent  to  suggest  that  it  intruded  the  Old  Red  Sand¬ 
stone  and  the  view  that  the  pebbles  were  rounded  by  attrition  at  the 
time  of  eruption  of  the  monchiquite  lava  is  therefore  favoured.  One 
of  the  Orkney  vents  (Wilson  and  others,  p.  78)  contains  rounded  frag¬ 
ments  of  sandstone,  and  the  Eilean  Shona  vent  (Eyles,  1923,  p.  94) 
rounded  blocks  of  Moine  gneiss. 

After  a  careful  study  of  the  Ayrshire  Permian  volcanic  necks  and 
those  in  the  Highlands  and  Orkneys,  A.  G.  MacGregor,  (1948,  p.  138) 
has  indicated  that  they  originated  on  dyke-hssures  filled  with  monchi¬ 
quite  magma.  This  view  is  substantiated  by  the  Stob  a’  Ghrianain 
vent  which  shows  a  close  association  of  agglomerate  with  dyke-like 
intrusions  of  monchiquite,  contains  cognate  xenoliths  of  monchiquite 
and  fourchite,  and  in  its  general  form  appears  to  be  tapering  downwards. 

The  authors  would  like  to  thank  Mr.  T.  F.  Johnston  for  his  skilled 
sectioning  of  difficult  material. 
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ANNOUNCEMENT 

XIX  INTERNATIONAL  GEOLOGICAL  CONGRESS 

The  nineteenth  International  Geological  Congress  will  be  held  in 
Algiers  from  8-1 5th  September,  1952.  “A”  excursions  are  being 
organized  for  periods  of  five  to  fifteen  days  before  the  Congress,  and 
“  C  ”  excursions  for  eight  to  eighteen  days  after  the  Congress ;  in 
addition,  a  series  of  “  D  ”  excursions  to  French  W.  Africa  are  being 
arranged  for  October.  The  membership  fee  has  been  fixed  at  3000  Fr., 
and  those  proposing  to  attend  are  asked  to  communicate  with — 

M.  le  Secretaire  Generate, 

Comit6  Algerien  d’Organisation  du  XIX*  Congrfes  Geologique 
International, 

Faculte  des  Sciences,  Alger,  Algeria. 

Those  who  do  not  propose  to  attend  are  nevertheless  asked  to  fill 
in  and  return  Form  A  accompanying  the  First  Circular,  to  assist  in  the 
compilation  of  a  world  list  of  geologists ;  in  this  connection,  the 
Secretary-General  will  be  glad  to  receive  names  and  addresses  of  any 
geologists  who  may  not  have  received  the  circular. 
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An  Occurrence  of  Orbicular  Structure,  of  Metasomatic 
Origin,  in  the  Gold  Coast. 

By  C.  E.  B.  CoNYBEARE^ 

Abstract 

Orbicules  consisting  of  cores  of  pargasite  and  epidote  with 
rims  of  plagioclase,  in  a  matrix  composed  mainly  of  pargasite, 
plagioclase,  and  epidote,  are  described  and  attributed  to  the  metaso- 
matic  action  of  alkaline  fluids  permeating  crushed  amphibolite. 

The  orbicular  structure  described  occurs  in  an  area,  underlain  by 
hornblende-rich  granitic  and  gneissic  rocks,  immediately  south  of 
the  village  of  Kamankese  situated  in  the  south-western  part  of  the 
Northern  Territories  of  the  Gold  Coast  about  25  miles  east  of  the 
Ivory  Coast  boundary.  The  surrounding  rocks  have  been  described 
by  Junner  (1940,  p.  37)  as  pre-Devonian  Dixcove  granite  which 
includes  sodic-homblende-granite,  granodiorite,  diorite,  porphyry, 
aplite,  and  pegmatite  but  which  also  includes  numerous  pendants  of 
schist  of  sedimentary  origin.  The  specimens  showing  orbicular 
structure  were  collected  by  Mr.  Kenneth  Coe,  Geologist,  Gold  Coast 
Geological  Survey,  from  a  solitary  outcrop  in  bush  covered  terrain, 
and  therefore  the  relationships  of  this  rock  to  that  immediately  adjacent 
are  not  known. 

In  the  specimens  examined  the  orbicules  are  rounded  to  oblong, 
2-5  cm.  wide,  and  fairly  closely  packed.  The  rims  are  2-6  mm.  wide 
and  are  of  feldspar.  The  cores  of  the  orbicules,  enclosed  by  the 
feldspar  rims,  are  markedly  darker  than  the  matrix  between  the 
orbicules.  This  difference  is  due  to  a  higher  percentage  of  amphibole 
in  the  orbicules  ;  and  whereas  the  cores  of  the  orbicules  resemble 
amphibolite,  the  matrix  resembles  diorite. 

The  compositions  of  the  feldspar  and  amphibole  are  the  same  in 
both  orbicules  and  matrix;  the  feldspar,  which  is  considerably 
sericitized,  lies  within  the  oligoclase-andesine  range  and  the  amphibole 
has  the  apparent  composition  of  pargasite.  Crystals  of  the  amphibole 
are  1-2  mm.  long  and  show  the  following  optical  properties : — 

X — pale  yellowish  green,  Y — bright  emerald  green,  Z — dark  bluish- 
green,  Biaxial  (+),  Z  A  c — plus  23°. 

Numerous  rounded  to  subhedral  crystals  of  apatite,  0- 1-0-3  mm. 
wide,  are  embedded  within  the  crystals  of  pargasite  and  feldspar 
forming  the  matrix  and  the  cores  of  the  orbicules,  but  not  within  the 
feldspar  rims.  Epidote  is  abundant,  crystals  up  to  1  mm.  long  being 
present  within  the  matrix  and  cores  of  the  orbicules.  Very  fine-grained 

^  Published  with  permission  of  the  Director,  Gold  Coast  Geological 
Survey,  to  which  the  writer  is  seconded  from  the  United  States  Geological 
Survey. 
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epidote,  having  a  granular  to  dusty  appearance,  is  abundant  in  irregular 
patches  within  the  feldspar.  Chlorite  is  also  present  in  variable 
amounts,  apparently  being  an  alteration  product  of  pargasite.  It  is 
pleochroic  in  shades  of  grass  green  and  bluish-green,  biaxial  (-b), 
and  in  places  shows  polysynthetic  twinning.  These  optical  properties 
suggest  that  it  is  the  variety  clinochlorite.  Associated  with  the  chlorite 
is  pale  green  actinolite,  also  replacing  pargasite,  that  occurs  as  fibrous 
masses  within  the  pargasite,  and  as  radiating  sheaves  of  fibres 
projecting  from  pargasite  grains  into  adjacent  grains  of  quartz.  The 
quartz  is  scarce  and  where  present  fills  the  interstices  between  and 
penetrates  pargasite  and  feldspar  grains.  Boundaries  between  quartz 
grains  are  smooth,  and  the  grains  do  not  show  strain  shadows.  A  few 
subhedral  grains  of  zircon,  less  than  0*1  mm.  wide,  are  embedded 
within  the  quartz  and  feldspar  in  the  cores  of  the  orbicules  and  in  the 
matrix.  Biotite  is  present  as  a  very  minor  constituent. 

Orbicular  structure  has  been  attributed  to  crystallization  of  a  liquid 
suspension,  and  more  commonly,  to  successional  rhythmic  crystalliza¬ 
tion.  Bowen  (1928,  p.  15)  says:  “  There  is,  as  a  matter  of  fact,  but 
one  excessively  rare  type  of  structure  in  plutonic  rocks  that  bears  a 
resemblance  to  the  product  of  crystallization  of  a  liquid  suspension 
and  has  been  so  interpreted.  This  is  the  orbicular  structure.” 
Discussing  the  origin  of  orbicular  structure.  Hatch,  Wells,  and  Wells 
(1949,  p.  2(X))  are  of  the  following  opinion:  ‘‘Nuclei  appear  to  be 
essential  and  may  be  either  xenoliths  of  wall  rock  or  cognate  xenoliths 
of  granite,  i.e.  material  of  early  consolidation  broken  up  by,  and 
incorporated  in,  later  granitic  magma.  The  magma  may  have  been 
highly  viscous,  and  diffusion  consequently  slow.  This  would  favour 
successional  rhythmic  crystallization  around  the  nuclei.” 

The  formation  of  the  orbicular  structure  in  question  is  not  readily 
explained  by  either  of  these  two  hypothesis,  and  a  metasomatic  origin 
appears  more  probable.  As  the  mineralogical  composition  of  the 
orbicules  and  matrix  are  the  same  it  is  difficult  to  see  how  the  orbicules 
could  have  formed  by  crystallization  of  an  immiscible  portion  of 
a  magma.  And  if  the  cores  of  the  orbicules  were  xenoliths  of  wall 
rock  within  magma  one  would  expect  to  find  that  the  composition 
of  the  amphibole  in  the  cores  differed  from  that  in  the  matrix,  resulting 
from  the  crystallization  of  the  magma,  especially  so  as  the  xenoliths 
would  be  ‘‘  walled  off  ”  by  the  growing  rims  of  feldspar.  Pargasite 
is  a  mineral  characteristically  associated  with  lime-rich  silicates  in 
metamorphosed  sediments,  and  its  association  with  epidote  strongly 
suggests  that  the  rock  is  not  igneous  but  metamorphic.  The  very 
small  amount  of  quartz,  and  the  fact  that  it  has  appeared  late  and 
replaces  pargasite  and  feldspar,  suggests  also  that  it  was  not  present 
as  a  primary  mineral  in  an  igneous  rock  but  was  introduced,  probably 
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during  the  period  of  development  of  actinolite,  chlorite,  sericite,  and 
the  fine-grained  epidote.  The  writer  is  therefore  of  the  opinion  that 
the  rock  was  probably  an  inclusion  of  crushed  amphibolite  and  that 
the  feldspar  rims  grew  around  discrete  fragments. 

In  any  such  growth  of  a  feldspar  rim  it  can  be  assumed  that  either 
the  rim  grew  outward  by  radial  diffusion  of  ions  within  the  core  or 
by  inward  diffusion  of  ions  through  the  matrix  toward  the  exterior  of 
the  core.  In  this  case  the  former  idea  does  not  appear  to  be  reasonable 
in  view  of  the  fact  that  the  volumetric  ratio  of  feldspar  rim  to  core 
is  too  large.  And  particularly  as  the  matrix  contains  a  proportion  of 
feldspar  considerably  larger  than  that  in  the  cores  it  is  probable  that 
the  rims  have  developed  in  a  manner  analogous  to  the  growth  of 
concretions,  presumably  by  means  of  metasomatizing  alkaline  fluids 
permeating  the  crushed  rock. 
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CORRESPONDENCE 

THE  CAMPTONITE-MONCHIQUITE  SUITE  OF  LOCH  EIL » 

Sirs, — In  a  recent  paper  (Geo/.  Mag.,  Ixxxviii,  1951,  p.  60)  G.  P.  Leedal 
has  discussed  the  distribution  of  the  camptonite-monchiquite  dyke  suite  in 
the  Loch  Arkaig-Loch  Eil  district  and  the  relationship  of  individual  dykes 
to  the  N.E.-S.W.  fault  lines. 

During  the  continuation  of  routine  Geological  Survey  work  in  part  of  this 
re^on  we  have,  in  the  past  two  field  seasons,  been  remapping  this  dyke 
suite  (cf.  J.  S.  Grant  Wilson,  in  Summary  of  Progress  Geol.  Survey ;  for 
1897,  p.  67;  for  1898,  p.  152;  for  1899,  p.  146).  Some  of  our  recent 
observations  and  inferences  seem  to  be  worth  recording  along  with  those  of 
Mr.  Leedal. 

(1)  For  about  1  mile  north-west  of  the  northern  limit  of  the  shatter  zone 
of  the  Great  Glen  the  country  rock  is  considerably  disturbed,  and  numerous 
minor  crush  lines  have  been  found,  the  trend  of  these  features  being  between 
N.E.-S.W.  and  E.N.E.-W.S.W.  Within  this  zone  of  disturbance  many  of 
the  dykes  of  the  camptonite-monchiquite  suite  trend  in  these  directions. 
West  of  the  disturbed  zone,  the  dykes  have  a  remarkably  consistent  E.-W. 
trend. 

As  we  have  not  found  faulted  or  crushed  dykes  within  the  disturbed  zone, 
we  infer  that  there  the  emplacement  of  the  swarm  was  influenced  by  pre¬ 
existing  minor  crush  lines  and  other  features  connected  with,  and  often 
sub-parallel  to,  the  Great  Glen  Fault.  Further  evidence  that  the  main  Great 
Glen  movements  were  earlier  than  the  intrusion  of  the  camptonite-monchi¬ 
quite  dyke  suite  is  provided  by  rock  exposures  (visible  only  at  times  of  very 
low  water)  in  the  River  Lochy,  near  Tor  Castle,  north  of  Banavie.  Here  the 
country  rock,  originally  a  schist,  but  now  hi^ly  sheared  and  “  mashed  ” 
by  the  main  Great  Glen  movements,  is  cut  by  three  uncrushed  camptonitic 
dykes  that  trend  approximately  N.E.-S.W.  The  dykes  are  thus  clearly 
later  than  the  main  fault  movements,  but  they  have  an  irregular  joint  or 
fracture  system  that  may  be  connected  with  subsequent  minor  movements 
along  the  Great  Glen  fracture. 

These  observations  appear  to  be  quite  compatible  with  those  of  Mr.  Leedal. 

(2)  North-east  of  the  volcanic  vent  shown  on  Mr.  Leedal's  map  (op.  cit., 
text-figure  1,  p.  62)  one  of  us  has  mapp^  43  dykes  of  the  camptonite- 
monchiquite  suite  in  one  mile  of  stream  section  at  right  angles  to  the  swarm  ; 
this  concentration  agrees  well  with  the  information  given  diagramatically 
upon  Mr.  Leedal's  map. 

South  and  west  of  the  vent,  however,  the  dykes  are  locally  much  more 
numerous  than  Mr.  Leedal  has  indicated.  On  the  north  side  of  Loch  Eil, 
in  the  lower  portions  of  stream  sections  at  right  angles  to  the  trend  of  the 
dyke  swarm,  the  concentration  of  dykes  is  as  follows  :  16  to  26  per  mile 
near  Annat  at  the  east  end  of  the  Loch,  and  3  to  6  per  mile  near  Fassfeam, 
about  half-way  along  the  Loch.  Further  west  in  Glen  Fionnligh  at  the  head 
of  the  Loch,  no  dyke  of  this  suite  has  been  observed  in  the  lower  part  of  the 
Glen. 

It  would  thus  appear  that  along  Loch  Eil  side,  part  of  the  swarm  dies  out 
in  a  westerly  direction. 

(3)  Some  of  the  dykes  we  have  mapped  are  between  7  and  9  feet  in 
width  ;  most  of  the  members  of  the  swarm  have  a  breadth  of  between  1  and 
5  feet. 

G.  S.  Johnstone. 

Geological  Survey  of  Great  Britain,  J.  E.  Wright. 

SOUTHPARK, 

19  Grange  Terrace,  Edinburgh,  9. 

7th  March,  1951. 

*  Published  by  permission  of  the  Director  of  the  Geological  Survey. 
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PRE-CAMBRIAN  ALGAL  LIMESTONES 

Sir, — I  would  like  to  comment  on  the  article  entitled  “  Pre-Cambrian 
Algal  Limestones  in  Western  Australia  ”,  by  Rhodes  Fairbridge,  which 
appeared  in  your  issue  for  September-October,  1950,  pp.  324-330. 

No  unsilicihed  algal  limestone  has  yet  been  found  in  situ  by  Dr.  Fairbridge, 
although  blocks  of  stromatolitic  limestone  in  every  sta^  of  siliciiication 
have  bwn  found  as  erratics  in  the  Permian  Na^etty  TilUte  of  the  Irwin 
River  Basin.  His  recognition  of  the  structures  is,  therefore,  all  the  more 
ccmimendable. 

In  the  course  of  field  survey  work  with  our  senior  students  in  May,  1950, 
algal  limestones  showing  no  sign  of  silicification  and  associated  with  minor 
developments  of  intraformational  breccias,  were  found  in  situ.  These  lime¬ 
stones  occur  at  a  spot  situated  H  miles  on  a  bearing  E.  25°  S.  from  Yanda- 
nooka  Railway  Station.  They  appear  to  be  confined  to  a  narrow  meridional 
belt  about  200  feet  stratigraphically  above  the  unconformity  of  the  Yanda- 
nooka  Series  with  the  Archaean  gneisses. 

The  algal  limestones  are  set  in  a  broad  calcareous  band  within  the  chocolate 
slates  and  siltstones  which  make  up  the  bulk  of  the  Yandanooka  Series  in  the 
vicinity.  It  is  pale  pink,  compact,  cryptocrystalline,  and  absolutely  unsilici- 
fied.  Judging  by  its  rapid  reaction  to  cold  acids,  it  is  a  limestone  low  in 
magnesia,  lliis  counters  the  suggestion  made  by  Dr.  Fairbridge  in  connec¬ 
tion  with  the  silicified  limestones  that  the  associate  intraformational  breccias 
were  originally  dolomitic,  or  even  brecciated  cherts.  The  algal  structures  in 
the  limestones,  although  much  smaller,  are  similar  in  character  to  those 
figured  by  Dr.  Fairbridge.  Orientated  specimens  have  been  collected  for 
further  thin  section  study. 

I  am  impressed  by  the  close  similarities  of  many  features  of  the  Yanda¬ 
nooka  Series  and  the  last  stage  of  sedimentation  in  the  Late  Proterozoic 
Adelaide  System  in  the  Mount  Lofty  and  Flinders  Ranges  in  South  Australia, 
with  which  I  am  familiar.  The  algal  limestone  with  its  associated  intrafor¬ 
mational  breccias  is  comparable  with  Mawson’s  “  Hieroglyphic  Limestone  ” 
of  the  Flinders  Ranges.  The  chocolate  slates  and  siltstones  of  both  areas 
are  remarkably  similar,  even  to  the  presence  of  mica  flakes  and  microscopic 
lenses  of  fresh  felspar  and  angular  quartz  and  large  areas  in  the  field  devoid 
of  any  kind  of  lamination.  However,  in  both  areas  there  are  layers  of  rounded 
sand  grains  and  other  features  characteristic  of  normal  subaqueous  deposition. 

In  view  of  his  recent  discovery  of  the  Elatina  Tillite  and  associated  basic 
volcanic  necks,  Mawson  (1949,  Trans.  Roy.  Soc.  S.  Aus.,  73,  p.  120)  was 
able  to  point  out  that  the  chocolate  slates  of  the  Flinders  Ranges  owe  their 
colour  and  much  of  their  substance  to  loess  derived  from  “  glaciation  of 
basaltic  highlands,  and  also  granitic  and  gneissic  terrains  elsewhere  located 
and  subject  to  ice  sheet  erosion  ”.  Since  b^ic  volcanic  activity  seems  to  have 
occurred  in  the  Late  Pre-Cambrian  near  Arrino  a  few  miles  to  the  south  of 
Yandanooka,  the  setting  is  unusually  similar  to  that  obtaining  in  the  Central 
Flinders  Ranges.  Thus,  while  allowing  that  tuffaceous  material  may  have 
been  significant  in  some  beds,  I  suggest  a  loessial  source  for  the  very  fine¬ 
grained  structureless  chocolate  “  siltstones  ”  of  the  Yandanooka  Series. 

Tillite,  as  yet,  has  not  been  discovered  in  the  Yandanooka  Series  (nor,  for 
that  matter,  an^^here  in  the  Nullagine  System).  But  since  the  Elatina 
Tillite  of  the  Flinders  Ranges  occurs  immediately  below  the  Hieroglyphic 
Limestone,  a  local  development  of  tillite  could,  if  the  correlation  I  have 
suggested  is  valid,  be  expected  beneath  the  algal  limestones  near  Yandanooka. 

If,  as  it  appears,  products  of  ice  action  (in  the  form  of  loess)  played  a 
significant  part  in  s^imentation  about  the  time  of  formation  of  the  algal 
limestones,  it  is  difficult  to  see  how  they  could  have  been  formed  in  conditions 
favouring  an  extensive  evaporite  formation,  as  suggested  by  Fairbridge 
(p.  327).  Desiccation  is  an  unlikely  prime  cause  of  the  brecciation  associate 
with  these  algal  growths,  for,  as  Fairbridge  has  noted,  the  characteristic 
“  desiccation  mud  curl  ”  is  very  uncommon.  I  would  make  the  tentative 
suggestion,  therefore,  that  the  algae  were  living  in  shallow  lakes  (such  as 
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described  in  1929  by  Mawson  from  South  Australia  :  Quart.  Journ.  Geol. 
Soc.,  85,  613-623  ;  and  in  1946  by  Clarke  and  Teichert  from  Western 
Australia  :  Amer.  Journ.  Sci.,  244,  271-276),  and  that  brecciation  of  the 
carbonate  mud  was  not  only  caused  by  the  growth  of  the  algae  themselves, 
but  also  by  expansion  (especially  in  the  shallows)  of  ice  forming  periodically 
in  the  algae-infested  lakes. 

Allan  F.  Wilson. 

Department  of  Geology, 

University  of  Western  Australia, 

Nedlands, 

Western  Australia. 

28th  February,  1951. 


MICROPALAEONTOLOGICAL  TECHNIQUE 

Sir. — Just  over  a  year  ago,  a  method  of  breaking  down  shales  for  micro- 
palaeontological  study  was  mentioned  in  abstract  in  the  Micropalaeon¬ 
tologist  by  Mr.  N.  M.  Layne,  jun.  Quoting  from  the  abstract,  the  details  of  the 
method  are  as  follows  : — 

“  First  heat  the  sample  on  a  gas  plate  or  in  an  oven  sufficiently  to  drive  off 
the  interstitial  moisture.  After  it  has  cooled  pour  gasoline  over  it  and  allow 
to  stand  for  about  half  an  hour.  Next  decant  the  gasoline,  and  cover  the 
sample  with  water.” 

Since  reading  of  this  method,  I  have  carried  out  several  experiments  with  it, 
using  a  slight  variation  in  that  the  sample  is  dried  a^in  after  the  gasoline 
is  decanted,  and  before  the  water  is  added.  With  this  method,  samples  of 
extremely  hard  shale  which  normally  take  five  to  six  hours  to  prepare  by 
the  normal  repeated  hydration  and  dehydration,  are  ready  for  microscopic 
examination  within  one  hour.  Pure  sandstones  are  not  affected  by  this 
method,  but  impure  sandstones  are  found  to  break  down,  the  speed  of  the 
reaction  increasing  with  the  proportion  of  argillaceous  matter  present. 

I  mention  this  process  here  bemuse  the  Micropalaeontologist  has  a  some¬ 
what  restricted  circulation  amongst  general  palaeontologists  in  England, 
and  also  because  the  applicability  of  the  method  goes  well  beyond  the  field 
of  micropalaeontology  into  that  of  general  palaeontology.  In  one  of  the 
experiments  1  was  able  to  extract  from  an  impure  sandstone  entire  shells  of 
macrofossils  so  cleanly  that  the  internal  and  external  details  could  be  seen 
perfectly. 

It  would  seem  therefore  that  this  method  of  breaking  down  samples  could 
do  much  to  speed  up  the  work  of  palaeontologists,  as  well  as  lessen  consider¬ 
ably  the  risk  of  damage  to  specimens  whilst  cleaning  them  mechanically. 

Lobitos,  a.  J.  Knights. 

Peru. 

28th  February,  1951. 


Reference. — Layne,  N.  M.,  A  Proceedure  for  Shale  Disintegration.  The 
Micropolaeontologist,  iv.  No.  1,  1950. 


LINEATION  IN  HIGHLAND  SCHISTS 
Sir, — In  three  short  Notes  recently  published  in  the  Geological  Magazine, 
I  have  attempted  to  demonstrate  a  simple,  and  I  feel  useful,  macroscopic 
way  of  looking  at  folded  rocks.  Applying  this  point  of  view  in  many  parts 
of  the  Highlands,  I  have  been  impressed  by  the  prevalence  of  6-lineations 
similar  to  those  described  in  the  Notes.  It  should  perhaps  be  pointed  out 
that  my  approach  is  more  similar  to  that  employed  by  Dr.  F.  Coles  Phillips 
in  his  important  pioneer  work  on  the  fabric  of  the  Moine  {Quart.  Journ. 
Geol.  Soc.,  xciii,  581-620)  than  might  be  evident  at  first  sight.  When 
it  is  r^liz^  that  my  text-figures  represent  profiles  at  right  angles  to  the  fold- 
axOT,  it  will  be  appreciated  that  in  my  examples,  as  in  those  of  Dr.  Coles 
Phillips,  there  is  a  marked  tendency  for  the  micas  at  any  rate  to  lie  on  a  more 
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or  less  well-marked  girdle.  The  lioeation  is,  of  course,  normal  to  the  girdle. 
I  am  thus  in  whole-hearted  agreement  with  Dr.  Coles  Phillips’s  conclusion 
that  the  fold-movements  in  the  Highlands  took  place  in  planes  normal  to  the 
dominant  lineations.  Indeed,  away  from  the  immediate  neighbourhood  of 
the  great  thrusts,  the  Cowal  area  is  the  only  one  where  I  have  observed 
linear  structures  which  are,  apparently,  nearly  at  right  angles  to  the  trend  of 
the  folds. 

Many  of  the  early  workers  believed  the  dominant  fold-trend  in  the  High¬ 
lands  to  be  N.E.-S.W.  This  opinion  appears  to  have  been  founded  on  the 
common  occurrence  of  N.E.-S.W.  direct^  outcrops,  and  of  the  abundance 
of  lineations  nearly  normal  to  the  strike  of  the  Moine  Thrust.  Alpine  and 
Fennoscandian  examples  of  general-strikes  nearly  normal  to  fold-trends 
have  been  known  for  many  years  ;  among  Scottish  examples,  the  Grantown 
and  Kincraig  Series  in  Mid-Strathspey,  and  the  Fannich-Attadale  Pelitic 
Belt  in  Ross-shire,  can  now  be  cited.  Moreover,  Dr.  Coles  Phillips’s  work, 
confirmed  by  my  observations,  indicates  that  the  lineations  have  no  genetic 
relationship  to  the  Moine  Thrust.  Are  we  then  to  turn  Highland  structures 
through  a  right  angle  and  regard  the  dominant  fold-trend  as  being  N.W.-S.E.? 

All  the  trends  shown  on  Dr.  Coles  Phillips’s  map  (ibid.,  p.  594,  fig.  S)  are 
either  W.N.W.-E.S.E.  or  N.W.-S.E.  How  far  are  these  directions  typical 
of  the  Highlands  as  a  whole  ?  During  the  past  three  years  I  have  been 
collecting  measurements  of  6-lineations  in  an  attempt  to  answer  this  question. 
Much  work  remains  to  be  done,  but  the  following  provisional  conclusions 
may  be  of  interest.  Approximately  N.E.-S.W.  trends  seem  to  be  character¬ 
istic  of  three  main  areas  :  (1)  from  Kintyre  north-eastwards  to  beyond 
Fort  William,  and  probably  to  Strathspey  ;  indeed  it  is  even  possible  that 
this  belt  partly  separates  the  N.W.-S.E.  trend  characteristic  of  Mid-Strath¬ 
spey  from  the  region,  again  with  N.W.-S.E.  trend,  to  the  north  of  the  Great 
Glen  ;  (2)  from  Loch  Lomond  east-north-eastwards  along  the  southern 
edge  of  the  Highlands  to  Stonehaven  ;  and  (3)  along  the  south  coast  of  the 
Moray  Firth.  It  is  probable  that  a  relatively  small  area  with  N.E.-S.W.  trend 
is  present  immediately  to  the  south  and  south-west  of  Loch  Monar.  The 
central  i>art  of  the  Grampians,  from  near  Dalmally  east-north-eastwards  to 
Aberdeenshire,  appears  to  be  of  great  complexity  ;  it  seems  to  consist  of  a 
series  of  great  arcs  convex  towards  the  south-west.  It  may  be  remarked 
here  that  the  Newer  Granites  appear  to  have  but  little  influence  on  the  general 
structural  pattern. 

Aiiwrt  from  south-east  Sutherland,  where  there  may  have  been  mobiliza¬ 
tion  in  the  migmatites,  and  the  Loch  Monar  area  mentioned  above,  the  region 
to  the  north  of  the  Great  Glen  seems  to  be  relatively  simple.  The  arcuate 
pattern  recorded  by  Dr.  Coles  Phillips  has  been  confirmed  by  my  observa¬ 
tions,  and  it  is  indeed  probable  that,  to  the  west  and  south  of  Loch  Eil,  the 
trend  may  have  swung  round  to  a  N.E.-S.W.  direction.  I  had  hoped  that 
comparison  of  the  structure  patterns  on  either  side  of  the  Great  Glen  might 
throw  light  on  Professor  Kennedy’s  hypothesis  of  transcurrent  faulting  along 
that  line.  Unfortunately  the  data  are  not  yet  adequate  ;  immediately  to  the 
east-north-east  of  Fort  Augustus  the  trend  is  N.W.-S.E.  as  it  is  in  Glen 
Moriston  on  the  other  side  of  the  Great  Glen. 

It  is  true  that  I  regard  the  sense  of  movement  in  Mid-Strathspey  to  have 
been  towards  the  south-west,  although  I  agree  that  the  evidence  is  not 
altogether  conclusive.  Oockwise  and  anti-clockwise  rotations  may  occur  on 
the  two  limbs  of  a  single  fold,  and  therefore  it  is  difficult  to  extrapolate  the 
sense  of  movement  observed  macroscopically  to  larger  scales.  However, 
the  complexity  of  Highland  structure  is  so  great  that,  even  if  I  am  correct  in 
considering  the  movement  throughout  Mid-Strathspey  to  have  been  towards 
the  south-west,  it  is  still  possible  that  to  the  north-west  of  the  Great  Glen 
an  opposita  sense  prevailed.  B  MclrmaE. 

Grant  Institute  of  Geology, 

University  of  Edinburgh. 

28th  February,  1951. 
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REVIEW 

Economic  Mineral  Deposits,  2nd  Edition.  By  A.  M,  Bateman.  John 
Wiley  and  Sons,  New  York. ;  Chapman  and  Hall,  London.  1950. 
pp.  xi  +  916.  Price  60j. 

The  first  edition  of  Economic  Mineral  Deposits,  published  in  1942, 
admirably  satisfied  the  need  for  a  comprehensive  up-to^te  reference  and 
text,  previously  provided  by  Lindgren’s  classic  Mineral  Deposits.  Recent 
research,  changing  viewpoints,  and  new  techniques  more  than  justify  the 
second  edition  of  Professor  ^teman’s  book,  which  presents  in  a  single 
volume  the  essential  background  required  by  the  present-day  mining  geologist. 

Many  will  be  familiar  with  the  first  edition.  Suffice  to  say,  therefore,  that 
the  general  layout  of  the  recent  publication  retains  the  division  into  three 
parts  :  the  first  dealing  with  the  principles  and  processes  of  mineralization, 
and  the  remaining  two  with  data  and  descriptions  of  the  metallic  and 
non-metallic  mineral  deposits  respectively,  the  latter  including  coal  and  oil. 

Information  which  has  appear^  since  the  publication  of  the  first  edition 
is  incorporated,  the  bibliography  expanded  and  most  of  the  errors, 
occasioned  by  wartime  publication,  corrected.  Certain  sections  have  been 
rewritten.  The  more  profound  changes  wrought  in  the  recent  edition  affect 
Part  I,  especially  the  important  chapter  on  hydrothermal  processes.  Here 
the  result  of  a  thorough  reorganization  is  a  more  logical  regrouping  of  the 
subject  matter  in  order  that  statements  of  relevant  principle  shall  precede 
the  treatment  of  the  various  processes  of  mineralization.  The  incorporation 
in  this  long  chapter  of  much  that  concerns  structural  features,  at  the  expense 
of  the  succeeding  and  equally  important  chapter  on  controls  of  mineral 
localization,  might  be  considered  in  some  measure  detrimental  to  the  balance 
of  this  lucid  exposition. 

The  background  given  to  the  reader  is  essentially  that  of  the  magmatist, 
and  no  consideration  is  given  to  other  current  viewpoints.  Admittedly,  this 
question  of  source  is  controversial,  but  no  more  so  than  is  the  nature  of  the 
ore  fluid  which  receives  adequate  treatment  yet,  if  anything,  is  of  less 
fundamental  importance.  A  consideration  of  the  time  and  place  of  ore- 
formation  within  the  broad  framework  of  orogenic  ^cles  would  probably 
strengthen  the  case  for  a  magmatic  source.  The  association  of  a  large  group 
of  ores  with  the  post-tectonic  magmatic  emplacements  points  to  the  relative 
efficacy  of  the  magmatic  mechanism — howsoever  the  magma  may  have 
originated — in  the  concentration  of  metals  and  the  evolution  of  ore  fluids. 
On  the  other  hand,  the  relationship  may  on  occasions  be  structural,  and 
very  real  difficulties  attend  subscription  to  the  purely  magmatic  view  in 
certain  inst^ces,  such  as  the  massive  Hercynian  pyritic  deposits  of  the 
Iberian  Peninsula,  to  cite  one  example. 

The  processes  of  replacement,  considered  as  synonymous  with  meta¬ 
somatism,  are  discuss^  clearly  and  with  emphasis.  Treatment  of  the 
criteria  tnight  have  been  more  critical  in  order  to  avoid  creating  the  impression 
that  facile  interpretation  of  replacement  relationships  and  parageneses  is 
generally  possible. 

The  contrasted  treatment  of  Parts  II  and  III  is  retained  from  the  first 
edition  with  the  addition  of  current  information.  Part  II,  concerned  with 
the  occurrence  of  metallic  mineral  deposits,  makes  interesting  reading 
geologically,  in  addition  to  its  value  as  a  reference.  The  emphasis  on  usage 
of  the  non-metallic  minerals  and  the  relegation  of  the  geological  aspect 
stresses  the  reference  character  of  Part  III,  the  reading  of  which  is,  Ly 
comparison,  “  heavy  going,” 

The  emphasis  on  specific  criticism  in  review  testifies  to  the  general 
excellence  of  this  authoritative  work.  For  the  student  and  teacher  it  is 
without  doubt  the  most  comprehensive  and  lucid  text  on  the  subject,  and 
is  also  well  worthy  of  study  by  those  whose  interests  are  concerned  with 
other  aspects  of  geology,  not  primarily  economic,  wherein  the  same  general 
principles  find  application.  J.  S.  W. 
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